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FOREWORD 


Work  on  this  project  was  performed  at  Fort  Dawes,  Massachusetts, 
under  Contract  No.  AF19(604)-8020,  issued  by  the  Electronics  Research 
Directorate,  Air  Force  Cambridge  Research  Laboratories,  Office  of 
Aerospace  Research,  United  States  Air  Force,  Bedford,  Massachusetts 
to  Radio  Corporation  of  America,  Defense  Electronic  Products,  Camden, 
New  Jersey.  The  contractor  personnel  team  was  responsible  to  the 
Control  Sciences  Laboratory,  which  was  designated  prime  contractor 
by  the  Air  Force. 

Information  contained  in  this  report  is  based  on  data  given  to  the  contractor 
personnel  team  by  responsible  representatives  of  manufacturers  of  the 
respective  equipments  and  military  personnel. 

The  Receiver  Group  discussion  is  bound  under  a  separate  cover  as  a 
Confidential  supplement  to  this  report. 


ABSTRACT 


The  purpose  of  the  project  was  to  investigate  transportable  search  radar 
and  SIF  equipments  for  application  to  the  purposes  of  the  Mobile  ATC/ 
Communication  Facility  --  more  commonly  known  as  Augmented  Four 
Wheels. 

A  thorough  survey  of  the  field  of  potentially  applicable  search  radar  and 
SIF  equipments  was  undertaken.  Available  equipments  were  evaluated 
against  a  specific  performance  criterion,  and  five  equipment  systems 
were  recommended  as  applicable  to  the  Augmented  Four  Wheels  program. 
Each  of  the  five  search  radar  systems  was  critically  evaluated  against 
Air  Traffic  Control  criteria  for  the  Quick  Reaction  Posture  requirement 
of  the  Air  Force. 

Remote  control  requirements  for  the  search  radar  and  other  subsystems, 
within  the  Augmented  Four  Wheels  System  complex,  were  thoroughly 
investigated.  Microwave  link  equipments  were  evaluated,  and  specific 
performance  characteristics  were  defined  for  use  in  the  Augmented 
Four  Wheels  System. 

Space  and  housing  requirements  for  the  search  radar  subsystem  were 
critically  studied,  and  definitive  shelter  specifications  were  prescribed. 

A  Report  was  submitted  to  AFCRL  under  Contract  AF19(604)-8020. 
Certain  sections  of  the  above  mentioned  Report  are  reprinted  in  the 
following  Report  to  provide  continuity. 

After  the  decision  was  made  by  AFCRL,  Control  Sciences  Laboratory, 
to  accept  a  certain  radar  system,  engineering  studies  were  provided 
by  the  RCA  team  to  modify  the  radar  system  if  it  were  necessary; 


supply  detail  drawings  concerning  the  component  layout  inside  and 
outside  the  shelter;  consider  the  interface  problems  between  the  search 
radar  system  and  the  microwave  r emoting  system;  supply  recommenda¬ 
tions  to  the  Control  Science  Laboratory  on  the  entire  AN/TPS-35  Subsystem 
which  includes  UHF  communications  equipment,  interfacility,  communi¬ 
cations,  power  generators,  air  conditioner  unit,  shelter,  microwave 
equipment,  and  the  use  of  the  anti-jam  features  of  the  radar  system. 
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SECTION  1 


INTRODUCTION 

The  Mobile  ATC/Comm  Facility,  more  commonly  known  as  the  Aug¬ 
mented  Four  Wheels  System,  is  a  mobile/transportable  Air  Traffic 
Control  system  which  was  conceived  as  a  means  of  controlling  air 
traffic  in  and  near  airfields  that  do  not  have  fixed  ground  equipment 
available.  It  was  designed  for  transportable  tactical  applications. 

An  investigation  was  made  of  the  applicability  of  certain  transportable 
search  radar  and  SIF  equipments  to  the  requirements  of  the  Augmented 
Four  Wheels  System.  This  section  discusses  availablity  selection, 
and  modification  of  search  radar  equipments. 

J.  1  SURVEY  OF  SEARCH  RADAR  EQUIPMENTS 

Table  1-1  is  a  complete  list  of  ground  and  airborne  radar  systems 
designed  as  search  radars  supplying  range  information  and  aircraft 
position  information. 

Ap  the  table  indicates,  many  of  the  radar  systems  could  not  apply  to 
the  requirements  of  a  lightweight,  air  transportable,  high-performance 
radar  system. 

1.2  SEARCH  RADAR  EQUIPMENT 

Table  1-2  lists  the  search  radar  systems  that  meet,  in  most  cases, 
the  requirements  for  the  AN/TPS-35  Radar  System.  The  high  per¬ 
formance  required  for  air  traffic  control,  plus  the  limit  on  weight 
and  size  of  the  equipment  made  it  necessary  to  supply  a  list  of  five 
available  radar  equipments.  The  characteristics  of  these  five  systems 
are  shown  in  Table  1-2. 
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1.3  MODIFICATIONS  REQUIRED  FOR  EMERGENCY  MISSION 


After  selecting  an  available  radar  that  meets  the  requirements  for  the 
EMS  System,  it  was  still  necessary  to  recommend  certain  modifications 
to  adapt  the  "off-the-shelf"  radar  system  to  the  EMS  System.  Many 
remote  control  circuits  had  to  be  incorporated  in  the  receiver  and  cir¬ 
cular  polarization  had  to  be  included.  In  the  IFF  trigger,  specially 
designed  time  delay  circuits  were  included  to  compensate  for  the  15- 
mile  remoting  distance.  A  different  type  sensitivity  time  control  cir¬ 
cuit  was  required  for  air  traffic  control  and  incorporated  into  the  AN/ 
TPS-35,  Resolvers  were  required  by  the  microwave  remoting  system 
and  were  recommended  to  replace  synchro  units  in  the  existing  system. 
Automatic  reset  circuits  were  incorporated  to  conform  to  the  automatic 
primary  power  transfer  system.  And,  finally,  some  minor  changes 
were  recommended  to  the  existing  radar  to  make  it  more  desirable  for 
air  traffic  control  use,  as  well  as  a  remote,  non-manned  station. 


SECTION  2 


RADAR  SET  AN/TPS-35 
2.  1  GENERAL  DESCRIPTION 

The  AN/TPS-35  is  a  lightweight- sheltered  Search  Radar  System 
used  as  an  air  traffic  control  device  as  part  of  the  AN/TSQ-47  Air 
Traffic  Control  and  Communications  System.  The  AN/TPS-35  contains 
a  high  performance  search  radar  group,  a  microwave  remoting  group, 
a  UHF  Air/ Ground/ Air  communication  group,  an  interfacility  communi¬ 
cations  group,  AN  IFF/SIF  identification  group,  and  a  power  generator 
and  air  conditioner  group. 

2.1.1  FUNCTION 

The  function  of  the  AN/TPS-35  is  to  provide  two  dimensional,  aircraft 
present  position  data  on  small  cross-section  aircraft  at  ranges  up  to 
80  nautical  miles  with  provisions  up  to  275  nautical  miles  if  required. 
This  must  be  accomplished  in  a  search  mode  in  the  presence  of  weather 
clutter  and  friendly  and  unfriendly  interference.  The  AN/TPS-35  also 
supplies  interrogation  pulses  to  the  aircraft  to  enable  the  proper  identi¬ 
fication  of  the  aircraft  by  the  system.  The  AN/TPS-35  supplies,  the 
aircraft  position  information  to  the  main  control  room  (RAPCON),  which 
may  be  as  much  as  15  miles  away.  The  remote  control  and  data  signals 
are  transmitted  and  received  over  the  path  by  the  use  of  an  electronic 
microwave  remoting  system.  All  the  necessary  signals  required  for 
operation  are  carried  by  the  microwave  system  to  increase  the  flexi¬ 
bility  of  the  AN/TPS-35  Search  Radar  System. 

2.  1.  2  AN/TPS-35  INDEPENDENT  OPERATION 

The  Radar  System,  AN/TPS-35,  is  capable  of  operating  without  the  use 
of  the  AN/TSQ-47  System  if  it  is  ever  required.  By  use  of  the  UHF 


communications  and  the  self-contained  SIF/IFF  equipment,  the  Search 
Radar  System  may  be  sent  out  as  a  self-contained  unit. 

2.  1. 3  SEARCH  RADAR  DESCRIPTION 

The  AN/TPS-35  Search  Radar  Unit  contains  a  parametric  amplifier  to 
increase  system  performance;  a  Frequency  Modulated  (FM)  Moving 
Target  Indicator  (MTI)  unit  to  provide  better  stability  over  the  conven¬ 
tional  amplitude  modulated  MTI  units;  improved  Sensitivity  Time 
Control  (STC)  to  provent  clutter  out  to  80  nautical  miles  if  required; 
a  pulse  width  discriminator  unit  designed  to  operate  on  both  the  normal 
radar  receiver  and  the  MTI  receiver  to  prevent  undesirable  friendly 
interference;  a  fast-time  constant  circuit  to  breakup  large  clutter 
blocks;  a  video  sweep  integrator  unit  used  on  the  275-mile  range  to 
increase  intensity  of  very  weak  targets;  a  PRF  stagger  circuit  to  mark 
undesirable  second-time-around  targets;  a  circular  polarization  system 
to  eliminate  rain  clutter  from  the  radar  presentation;  and  a  complete 
ECCM  System  to  prevent  unfriendly  interference  from  putting  the  Search 
Radar  System  out  of  operation. 

2.1.4  MICROWAVE  REMOTING  DESCRIPTION 

The  AN/TPS-35  Radar  System  contains  a  complete  electronic  r emoting 
system.  The  microwave  system  contains  all  the  necessary  multiplex 
equipment,  receivers,  transmitters,  power  supplies,  antenna  and  di- 
plexing  equipment  to  receive  9  control  functions,  the  beacon  trigger  and 
transmit,  radar  trigger,  normal  video,  MTI  video,  IFF  video,  and  order 
wire  information  over  a  15-mile  path  if  required. 

2.  1.  5  IFF/SIF  GROUP  DESCRIPTION 

The  AN/ TPS  -35  Search  Radar  System  contains  the  necessary  ground 
interrogation  electronic  equipment  to  make  it  compatible  with  existing 
airborne  SIF/lFF  Mark  X  identification  systems.  The  AN/TPS-35 


system,  when  used  in  conjunction  with  the  AN/TSW-5  RAPCON  unit, 
contains:  1  rec eiver/ transmitter  AN/UPX- 6;  1  coder  synchronizer 
KY-84;  4  video  decoders  KY-364;  and  the  necessary  RF  cable  and 
power  supplies  to  operate  in  conjunction  with  the  AN/TPS-35  search 
radar  group. 

2.1.6  AIR/ GROUND/ AIR/COMMUNICATION  GROUP 

The  AN/TPS-35  Search  Radar  System  contains  one  UHF  ARC-52 
communication  system  to  be  used  as  an  Air/Ground/Air  Communication 
Set.  The  ARC- 52,  complete  with  control  head  and  antenna,  AT- 197 
operates  in  the  225.0  to  399.9  Me  range  and  has  the  capability  of  1750 
manual  selected  frequencies  available  to  an  operator. 

2.1.7  INTERFACILITY  COMMUNICATION 

The  AN/TPS-35  Search  Radar  System  contains  one  VHF  pulse  code, 
full  duplex,  transmitter  and  receiver  to  be  used  for  intercommunication 
between  this  site  and  the  main  AN/TSQ-47  System  site.  The  VHF  trans 
ceiver  utilities  the  random  access  and  correlation  for  extended  perform 
ance  discrete  address  system  (RACEP)  which  will  work  in  conjunction 
with  idential  RACEP  units  throughout  the  AN/TSQ-47  System. 

2.  1.8  POWER  GENERATOR  GROUP 

The  AN/TPS-3  5  Search  Radar  System  contains  two  gasoline  turbine 
power  generators,  each  supplying  3  phase,  4  wire,  115/208  volts  ac, 
400  cps,  20  kw  power  to  the  radar  system  and  the  air  conditioning  unit. 
One  of  the  generators  is  held  in  reserve  to  be  used  when  required. 

2.1.9  AIR  CONDITIONER 

One  air  conditioner  is  supplied  with  the  AN/TPS-35  Radar  System  to 
maintian  a  correct  operating  temperature  for  the  electronic  equipment 
located  within  the  shelter.  The  air  conditioner  is  rated  at  2.  8  tons 


and  operates  from  the  main  400  cps,  3-phase  power  source.  The  total 
weight  of  the  unit  is  less  than  250  pounds. 

2.  2  DETAIL  DESCRIPTION 

2.  2.  1  RECEIVER  GROUP 

(This  Confidential  Section  is  bound  under  separate  cover  as  a  supplement 
to  this  report.  ) 

2.  2.  2  INDICATOR  GROUP 

A.  The  Azimuth-Range  Indicator  is  the  unit  from  which  the  radar  system 
is  controlled  and  operated  after  application  of  main  power.  The  unit  con¬ 
tains  the  various  control  circuits  necessary  for  effecting  the  remote  func¬ 
tions  of  antenna  rotation  control,  magnetron  and  system  tuning  transmit¬ 
ter  pulse  width,  pulse  repetition  frequency,  receiver  bandwidth,  A-J 
control,  and  interference  blanking.  The  unit  receives  MTI,  normal,  and 
IFF  video;  antenna  position  synchro  data;  and  system  trigger  pulse;  from 
which  data  it  presents  the  20-,  40-,  80-,  and  275  mile  range  displays  on 
a  10-inch  PPI-Scope  and  a  3-inch  A-scope.  It  also  provides  remote  trig¬ 
ger,  remote  video,  and  special  video  data  for  remote  repeaters  and/or 
indicators.  Operator  controls  and  displays  are  on  the  front  panel.  (See 
Figure  2-1) 

The  list  of  controls  and  their  functions  in  Table  2-1  are  those  which  may 
require  frequent  adjustment.  Other  operational  and  maintenance  controls 
are  positioned  separately.  Maintenance  controls  are  located  behind  a 
hinged  plastic  cover  to  protect  them  from  accidental  misalignment.  The 
controls  most  often  used  are  fabricated  and  positioned  in  a  manner  that 
complies  with  good  human  engineering  practice. 


Table  2  -1  Front  panel  controls 


Control 

Knob  Shape 

Function 

Condition  selector 

Rbunded  bar 

Places  radar  set  in  one 
of  four  power  conditions 
(Standby,  Low  Power, 

Reset,  High) 

AFC 

Toggle 

Selects  tuning  means  of 
magnetron,  parametric 
amplifier  assembly,  and 
stalo. 

Mag  tune 

Toggle 

Adjusts  magnetron  fre¬ 
quency 

Stalo  tune 

Toggle 

Adjusts  stalo  frequency 
(in  manual) 

Antenna  Speed 

Octagon 

Adjusts  antenna  rotational 
speed  (in  search) 

Anti  Jam 

Bar 

Selects  STC, FTC, on  or  off 

STC  Gain 

Triangle 

Adjusts  level  of  STC  curve 

Normal  Gain 

Fluted 

Adjusts  normal  IF  gain 

MTI  Gain 

Slot 

Adjusts  MTI  IF  gain 

MTI  Gate 

Rounded bar 

Adjusts  MTI  presentation 
period 

Range  (NM) 

Bar 

Controls  PRF  of  radar 
Selects  operating  range  of 
PPI  ( 20,  40,  80,  275  NM) 

Cursor  Knob 

Hand  Wheel 

(1)  In  searchlight  opera¬ 
tion,  positions  antenna,  PPI 
sweep  and  cursor  line. 

(2)  In  search  operation  con¬ 
trols  cursor  line  only. 

Z-i 


Table  2-1  Front  panel  controls  -  continued 


Control 

Knob  Shape 

Function 

North  Adjust 

Slot 

Rotates  shaft  of  differ¬ 
ential  synchro  to  add  or 
subtract  angular  position 
from  indicator  8 ervo  sys¬ 
tem,  to  compensate  for 
site  position  of  radar  set 
off  north. 

Meter  Select 

Bar 

Selects  one  of  nine  inputs 
to  panel  meter. 

IFF  Gain 

Bar 

Adjusts  IFF  IF  video  gain 

Range  Marks  Intensity 

Triangle 

Adjusts  range  marks  inten¬ 
sity  on  PPI 

MTI  Test-Normal 

Bar 

Selects  presentation  of  MTI 
or  normal  video  on  PPI 

PPI  intensity 

Triangle 

Adjusts  PPI  baseline 
intensity 

PPI  video 

Fluted 

Adjusts  PPI  video  signal 
intensity 

Monitor  selector 

Bar 

Presents  one  of  twelve 
inputs  on  the  monitor 
A-Scope 

"A"  video  gain 

Fluted 

Adjusts  A-Scope  verti¬ 
cal  amplitude 

"A"  intensity 

T  riangle 

Adjusts  A-Scope  intensity 

Trigger  Delay  adjust 

Bar 

Adjusts  delay  to  start  of 
sweep  on  A-Scope  (variable) 

"A"  Scope  input  attenuator 

Toggle 

Places  1 0: 1  attenuator  in 
probe  circuit 

Cifrsor  dimmer 

Ext  round 

Adjusts  cursor  lamp 
illuminating  level 

Papel  dimmer 

Slot 

Adjusts  panel  lamp 
illumination  level 

Provision  is  incorporated  on  the  Range  Switch  to  prevent  accidental 
selection  of  the  275-mile  operating  mode.  Incorporation  of  a  spring- 
loaded  catch  device  makes  a  deliberate  action  necessary  to  operate 
the  switch. 

All  controls  not  mounted  on  the  front  panel  of  the  indicator  are  located 
on  an  easily  accessible  sub-panel  inside  the  front  panel,  or  on  the 
module  board  pertinent  to  the  circuit.  These  are  adjustment  and  cali¬ 
bration  controls. 

Normal,  STC  and  MTI  gain  controls:  to  prevent  mistuning  by  duplicate 
controls,  the  potentiometers  in  the  indicator  will  be  retained.  The-' 
selection  of  remote  or  local  operation  will  actuate  relays  in  the  junction 
box  that  either  feeds  signal  from  potentiometers  located  there  for  remote 
operation  or  feeds  the  voltages  from  the  indicator  to  the  receiver  for 
local  operation.  An  added  advantage  of  this  approach  is  the  return  of 
the  receiver  operation  to  exactly  the  same  condition  when  the  system 
is  returned  from  local  to  the  remote  mode  of  operation.  A  lamp  on  the 
front  panel  of  the  indicator  will  reveal  the  remote/local  condition  at 
all  times. 

The  indicator  circuitry  implements  the  following  functions: 

Generate  range  marks 
Generate  PPI  sweep 
Generate  A-scope  sweep 
Mix  video  and  range  markers 
Amplify  video  for  r  emoting 

Generate  gate  for  gating  MTI  and  normal  video 

Provide  360  degree  sweep  rotation  synchronized  with  antenna  speed 
Provide  built-in  monitoring  circuits  for  A-scope  presentation 
Amplify  video  by  special  video  amplifier. 
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The  overall  block  diagram  of  the  indicator  is  shown  in  Figure  2-2. 

(For  the  pulse  width  discriminator  see  the  Confidential  Supplement  to 
this  report. )  The  FPI  display  circuits  include  the  variable  gate  genera¬ 
tor,  video  mixer,  interference  blanker  and  video  range  marks  mixer 
and  amplifier.  The  PPI  sweep  circuits  include  the  main  gate  generator 
and  PPI  sweep  generator.  The  indicator  (yoke)  servo  and  antenna  servo 
error  components  include  synchro  control,  speed  and  manual  control, 
and  yoke  servo.  Monitor  A-Scope  circuits  include  selector  switch, 

A- scope  vertical  amplifier,  delayed  trigger  circuit,  and  sweep  genera¬ 
tor. 

B.  Technical  Discussion 

The  .following  is  a  discussion  of  the  PPI  display  circuits,  indicator  servo 
and  antenna  servo  error  circuits,  monitor  A-scope  circuits,  and  power 
supply. 

a.  PPI  Display  Circuits 

A  block  diagram  of  the  PPI  display  circuits  is  shown  in  Figure  2r3. 
Normal  video  and  MTI  video  from  the  receiver  and  IFF  video  from  IFF 
equipment  are  fed  into  the  variable  gate  generator  and  video  mixer 
A810.  This  module  will  gate  any  MTI  video  from  5  to  80  miles  range 
through  to  the  video  mixer.  The  normal  video  will  pass  through  for 
the  ungated  portion.  The  video  mixer  will  mix  the  IFF  video  and  the 
gated  MTI  and  normal  video.  The  mixed  video  passes  through  a  2- 
microseeond  delay  line  to  the  interference  blanker  A809.  The  inter¬ 
ference  blanker  is  triggered  by  neighboring  friendly  radars,  Whose 
transmissions  would  cause  interference.  The  A809  module  generates 
a  gate  to  blank  the  video  during  such  periods.  The  2-microsecond 
delay  line  is  used  to  delay  the  video  by  the  amount  equal  to  that  which 
triggers  from  the  friendly  radars  would  be  delayed  by  traveling  through 
1000-foot  coaxial  cables.  The  video  output  of  the  A809  module  is  applied 


Figure  2-2  Azimuth-Range  indicator,  block  diagram 
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to  the  remote  and  special  video  amplifier  A808,  and  to  the  PPI  video 
and  range  marker  mixer  and  amplifier  A804.  The  former  provides 
remote  and  special  video  outputs  to  remote  repeaters.  The  A804 
module  provides  the  mixed  video  to  the  indicator  PPI  tube.  Radial 
sweep  voltages  for  the  PPI  display  are  generated  in  PPI  sweep  genera¬ 
tor  A803,  the  sweep  and  unblanking  being  gated  by  main  gate  generator 
A801.  Range  mark  generator  A802  generates  pulses  to  cause  range 
marks  on  the  display  for  determining  target  range.  The  pulses  are 
fed  to  the  A804  module.  The  remote  trigger  circuit  on  A802  produces 
a  low-impedance  remote  trigger  output  of  50  volts  minimum  amplitude. 
The  A802  range  marks  are  gated  by  main  gate  generator  A801. 

b.  Indicator  (Yoke)  Servo  and  Antenna  Servo  Error  Circuits 

These  circuits  and  their  connection  to  other  servo  system  components 
are' shown  in  Figure  2-4.  The  antenna  servo  has  two  modes  of  opera¬ 
tion:  search  and  searchlite.  The  indicator  or  yoke  servo  rotates  the 
PPI  yoke  to  positions  corresponding  to  the  antenna  positions. 

1.  Search  mode  -  With  the  indicator  front  panel  cursor  knob 
pushed  in,  the  voltage  output  of  the  variable  speed  control  will  be  con¬ 
nected  to  antenna  servo  error  amplifier  A811.  The  output  of  the  A811 
connects  to  the  servo  amplifier  in  the  main  power  supply,  which  con¬ 
nects  to  the  antenna  drive  motor.  Antenna  tachometer  feedback  to  the 
A811  closes  a  velocity  servo  loop,  which  maintains  the  antenna  running 
at  constant  speed.  A  synchro  control  transmitter  mounted  to  the  antenna 
pedestal  sends  back  position  information  to  the  synchro  control  A817  in 
the  indicator.  The  A817  is  a  differential  synchro  for  setting  the  initial 
alignment  of  the  PPI  sweep  to  the  antenna  position  whenever  the  radar 
system  is  relocated.  The  output  of  the  synchro  control  A817  connects 
to  the  yoke  servo  synchro.  The  error  output  from  the  yoke  synchro 
amplified  by  the  servo  amplifier  A811  drives  the  yoke  servomotor, 
which  continually  positions  the  yoke  to  the  antenna  position. 
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Figure  2-3.  PPI  display  circuits 
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2.  Searchlite  mode  -  With  the  indicator  front  panel  cursor  knob 
pulled  out,  signals  from  the  antenna  control  synchro  A814  will  position 
the  antenna  through  the  servo  loop  formed  by  antenna  servo  error  am¬ 
plifier  A811,  the  servo  amplifier  in  the  main  power  supply,  the  antenna 
drive  motor,  the  antenna  synchro  control  transmitter,  and  the  synchro 
control  A817.  The  indicator  servo  will  function  as  described  above, 
receiving  its  error  signals  from  the  antenna  synchro  transmitter 
through  the  synchro  control  A817.  Antenna  control  A814  synchro  re¬ 
ceives  its  position  information  from  the  hand-wheel  control  on  the  indi¬ 
cator  front  panel,  which  also  drives  the  PPI  cursor  line. 

c.  Monitor  A-Scope  Circuits 

These  circuits  are  shown  in  block  diagram  form  in  Figure  2-5.  The 
3-inch  A-scope  on  the  front  panel  of  the  indicator  is  provided  to  moni¬ 
tor  and  service  the  equipment.  The  following  signals  can  be  displayed: 
the  PPI  sweep,  range  marks,  system  trigger,  normal  video,  MTI  video, 
PPI  video,  and  indicator  (Yoke)  servo  error.  Other  signals  may  be 
displayed  through  an  external  probe  connected  to  the  "test-probe"  con¬ 
nector  on  the  indicator  front  panel.  Three  modules  and  indicator  front 
panel  controls  constitute  the  circuitry  associated  with  the  monitor. 
Trigger  delay  generator  A805  provides  a  continuously  variable  delayed 
trigger  pulse  to  the  horizontal  sweep  circuit  of  the  A-scope  when  the 
monitor  selector  switch  is  in  any  external  test  probe  position.  Video 
amplifier  A806  provides  amplification  of  video  signals  to  provide  verti¬ 
cal  deflection  on  the  monitor  display.  Sweep  generator  A807  provides 
horizontal  deflection  voltages  and  unblanking  pulses  for  the  monitor. 

d.  Power  Supply 

The  power  supply  assembly  A816  for  the  indicator  contains  voltage 
regulator  module  A812.  The  inputs  required  are 

120  volts  400  4.  2  amps  nom. 

+  3  50  volts  dc  8  ma.  nom. 


A-SCOPE 


120V  400~SYNC 


Figure  2-5.  Monitor  A  -  scope  circuits 


The  outputs  will  be 


6.  3  volts  400  ^ 

-200  volts  dc  regulated 
+150  volts  dc  regulated 
-1100  volts  dc 
+7000  volts  dc 
+350  volts  dc 


6  amps  max. 
65  to  95  ma 
250  to  350  ma 
1 ,  5  ma.  max. 
0.15  ma.  max 
8  ma.  nom. 


C.  Mechanical  Discussion 

The  cabinet  of  the  azimuth-range  indicator  is  vibration  isolated  .  The 
chassis  can  be  withdrawn  on  its  own  slides  from  the  cabinet  fo*  ser¬ 
vicing  or  adjustment.  The  power  supply  A816  is  mounted  on  a  vertical 
hinge  at  the  right  side  of  the  chassis  and  swings  forward  for  top-^of- 
chassis  access.  The  voltage  regulator  module  A812  is  mounted  on  a 
hinged  connector  on  the  power  supply  chassis  and  swings  out  for  module 
withdrawal.  The  indicator  (yoke)  servo  A814  is  mounted  so  as  to  encom¬ 
pass  the  neck  of  the  PPI  tube.  The  eleven  remaining  modules  A801  to 
A811  and  the  adapter  module  A813  are  vertically  supported  in  a  module 
nest  on  the  left  side  of  the  chassis. 


The  antenna  control  assembly  A814  is  mounted  on  the  indicator  front 
panel.  Synchro  control  (north  Adjust)  A817  is  mounted  on  the  indicator 
subpanel  adjacent  to  the  face  of  PPI  tube.  Circuit  comp  mts  (resis¬ 
tors,  capacitors,  etc. )  are  mounted  on  a  shelf  along  the  top  of  the  chas¬ 
sis. 


D.  Maintainability  and  Serviceability 

Twelve  of  the  sixteen  major  assemblies  are  plug-in  modules.  The 
wiring  to  the  yoke  drive  and  the  power  supply  assmeblies  are  removed 
by  connectors.  The  synchro  control  and  antenna  control  assemblies 
have  wiring  connected  to  screw-type  terminals.  The  entire  indicator 


chassis  can  be  drawn  out  of  the  case  on  the  chassis  slides.  Sufficient 
adjustments  are  contained  in  the  indicator  for  periodic  alignments  to 
allow  for  aging  of  components.  All  subminiature  tubes  are  plug-in. 

The  monitor  can  be  selected  to  view  various  key  points  in  the  indicator 
circuitry  for  trouble  shooting.  Test  points  are  available  on  each  plug¬ 
in  module  for  servicing.  In  addition,  adapter  module  A813  can  be  used 
to  extend  any  module  out  of  the  module  nest  for  servicing. 

E.  Reliability 

Based  on  prediction  and  test  data,  the  MTBF  is  520  hours. 

2.2.3  MODULATOR/TRANSMITTER  GROUP 
A.  General 

The  function  of  the  modulator  transmitter  is  to  provide  pulsed  RF  power 
output,  continuously  tunable  during  operation  over  the  band  from  1250 
megacycles  to  1350  megacycles.  Two  pulse  width/PRF  combinations 
are  required  to  accommodate  short-range  medium- resolution  radar 
coverage  or  long-range  lower- resolution  coverage.  Pulse  width  and 
PRF  are  arranged  to  keep  average  power  output  essentially  constant 
(1. 4  microseconds/800  pps  or  4.2  microseconds/267  pps). 

Auxiliary  functions  include  integral  metering  circuits  and  circuits  to 
prevent  equipment  damage  in  the  event  of  circuit,  magnetron,  or  over¬ 
heating  faults. 

Features  include  an  elevator  mechanism  to  facilitate  magnetron  installa¬ 
tion  and  removal,  convenient  test  points  and  monitoring  points,  auxiliary 
test  trigger  outputs,  and  viewing  window  for  main  hydrogen  thyratron. 
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The  group  will  provide  a  stable  output  pulse  consistent  with  specified 
MTI  performance  while  minimizing  magnetron  selection.  The  group 
will  operate  reliably  within  the  detailed  specifications  discussed  below 
and  in  the  presence  of  a  rigorous  environment. 

The  equipment  group  constitutes  a  minor  redesign  of  the  production 
equipment  shown  in  Figure  2-6.  The  equipment  shown  is  part  of  the 
existing  AN/UPS- 1  production  radar.  Minor  changes  of  a  mechanical 
nature  are  all  that  are  required  to  fulfill  the  AN/TPS-35  requirements. 
These  are:  addition  of  ducting  for  positioning  the  two  blowers  outside 
of  the  AN/TPS-35  shelter,  and  removal  of  the  oil  reservoir  for  mount¬ 
ing  on  the  shelter  wall.  The  magnetron  for  the  modulator/transmitter 
is  the  RK6517/QK358. 

B.  Overall  Block  Diagram 

Figure  2.-7  diagrams  the  individual  functions  of  the  modulator  trans¬ 
mitter  group. 

C.  Description  of  Operation 

Prime  input  power  of  8500  volts  at  0.4  amperes  dc  (nominal)  is  supplied 
to  the  modulator/transmitter  from  the  modulator  power  supply.  The 
main  pulse  forming  network  is  charged  to  approximately  17,  000  volts 
peak  through  the  charging  reactor  and  the  charging  diode.  Network 
charging  from  the  8500  volt  dc  supply  follows  the  usual  resonant  charg¬ 
ing  waveform,  except  that  the  presence  of  the  charging  diode  "hqlds" 
the  charge  at  its  peak  value  until  the  pulse  is  triggered.  Inclusion  of 
a  charging  diode  (1)  allows  the  charging  reactor  to  be  a  simple,  less 
critical  design,  (2)  eliminates  a  high  voltage  pole  on  the  pulse  switching 
relay,  and  (3)  improves  MTI  performance  by  eliminating  a  component  of 
amplitude  jitter  caused  by  residual  charging  current  in  the  charging 


reactor. 
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The  pulse  network  has  an  impedance  of  25  ohms  (±5%).  It  is  basically 
a  3  mesh  network  which  supplies  an  output  pulse  width  of  4.  2  micro¬ 
seconds  (±10%).  High  voltage  contacts  on  the  pulse  width  control  relay 
disconnect  2  of  the  3  meshes  when  desired,  leaving  a  single  mesh  in 
the  circuit  which  will  supply  an  output  pulse  of  1.4  microseconds  (±10%). 

The  pulse  is  initiated  by  a  triggering  hydrogen  thyratron  (JAN  5949/1907). 
The  trigger  pulse  generator  which  is  a  removable  plug-in  chassis,  accepts 
a  30  to  50  volt  trigger  pulse  from  the  receiver  unit.  A  pulse  amplifier 
triggers  a  blocking  oscillator  ( 1/ 2  Ji.  5687)  which  drives  an  isolation 
amplifier  (1/2  JAN  5687),  which  in  turn  triggers  a  miniature  hydrogen 
thyratron  (JAN  1258).  The  miniature  hydrogen  thyratron  discharges 
the  trigger  pulse  network  (a  2  microsecond,  5  mesh,  50  ohm  network 
which  has  been  resistively  charged  from  the  +1000  volt  dc  supply) 
through  a  pulse  transformer,  to  drive  the  grid  of  the  main  hydrogen 
thyratron  switch  tube. 

The  main  hydrogen  thyratron  switch  tube  discharges  the  stored  energy 
on  the  pulse  forming  network  into  the  primary  of  the  magnetron  pulse 
transformer  assembly.  Nominal  value  of  the  primary  pulse  is  8150 
volts  at  325  amperes  peak  (2.  65  megawatts  peak).  The  pulse  width  is 
either  1.4  or  4.  2  microseconds  (nominal),  depending  on  the  setting  of 
the  pulse  width  control  relay.  Step-up  ratio  of  the  magnetron  pulse 
transformer  will  be  6.  9*1,  thus  supplying  a  nominal  56  kv,  47  ampere 
peak  pulse  to  the  cathode  of  the  RK6517/QK358  magnetron.  Nominal 
output  power  is  1. 0  megawatt  peak.  A  30  kv  (nominal)  tap  is  provided 
on  the  secondary  of  the  pulse  transformer  to  feed  the  spark  gap  and 
the  backswing  clipper  (type  561).  The  type  561  diode  backswing  clip¬ 
per  holds  the  backswing  voltage  to  less  than  15%  (of  forward  voltage), 
and  clamps  the  backswing  rapidly  enough  to  eliminate  post  pulse  noise. 

A  spark  gap  is  provided  to  protect  the  pulse  transformer  and  associated 
circuitry  in  event  of  an  open  circuited  load  (which  could  make  the 
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forward  voltage  peak  exceed  twice  normal).  The  spark  gap  is  set  to 
break  down  at  forward  voltages  in  the  range  of  35  kv  to  50  kv  (at  the 
"nominal  30  kv"  tap). 

Inverse  voltage  left  on  the  pulse  forming  network  after  the  pulse  is  re¬ 
moved  by  the  inverse  clipper  (a  type  JAN  576A).  The  inverse  diode 
current  is  filtered  and  fed  to  the  modulator  power  supply  for  monitor¬ 
ing  (and  to  trip  out  the  high  voltage  if  the  inverse  current  becomes  ex¬ 
cessive  due  to  magnetron  arcing). 

A  series  RLC  pulse  shaping  circuit  is  connected  across  the  pulse  trans¬ 
former  secondary.  Characteristics  of  this  RLC  circuit  are  such  that, 
when  combined  with  the  pulse  transformer  and  pulse  forming  network 
parameters,  the  voltage  pulse  applied  to  the  RK6517/QK358  magnetron 
has  the  proper  characteristics  to  assure  complete  modulator/magnetron 
"compatibility"  insofar  as  normal  operation  is  concerned.  To  achieve 
the  30  db  SCV  specification,  some  magnetron  selection  may  be  neces¬ 
sary;  however,  present  data  indicates  that  there  will  not  be  any  real 
problem  in  that  the  worst  magnetron  to  date  provides  better  than  25  db 
SCV. 

A  capacitance  divider  samples  the  secondary  pulse  voltage  waveform 
which  may  be  viewed  at  either  of  two  BNC  jacks  on  the  side  of  the  modu¬ 
lator  transmitter  case. 

Filament  voltage  is  supplied  to  the  magnetron  via  a  low  capacitance 
filament  transformer  and  a  surge  limiting  inductor.  The  primary  fila¬ 
ment  current  is  conducted  to  the  modulator  power  supply  for  monitor¬ 
ing  (and  adjustment  to  the  proper  valve). 

The  average  magnetron  plate  current  (from  the  low  end  of  the  pulse 
transformer  secondary)  is  filtered  and  conducted  to  the  modulator 
power  supply  for  monitoring. 


Two  thermostats  are  mounted  in  the  pulse  transformer  assembly.  A 
thermostat  actuates  for  oil  temperatures  above  85°C,  causing  the  power 
output  to  cut  back  to  70%  of  normal  full  power.  If  the  oil  temperature 
exceeds  105°C,  another  thermostat  actuates  and  shuts  off  high  voltage 
until  the  equipment  cools  off. 

A  tuning  unit  will  be  supplied  for  controlling  the  magnetron  output  fre¬ 
quency.  This  unit  is  remotely  controlled  from  the  Indicator  unit,  is 
capable  of  tuning  the  range  from  1250  to  1350  Me  in  less  than  100  sec¬ 
onds,  and  feeds  a  "position  indication"  voltage  back  to  the  indicator  in 
order  to  permit  setting  the  operating  frequency  to  a  pre- determined 
value  ±  5  Me. 


An  oil  reservoir  will  be  supplied  for  keeping  the  proper  oil  level  around 
the  magnetron  cathode  bushing.  This  unit  will  mount  on  the  shelter  wall 
near  the  modulator  transmitter.  Transparent  hoses  will  be  used  to  con¬ 
nect  the  oil  reservoir  to  the  pulse  transformer,  for  easy  monitoring  of 
oil  level.  Quick  disconnect  fittings  will  be  used  to  connect  the  hoses  to 
the  pulse  transformer. 

A  centrifugal  blower,  capable  of  delivering  a  minimum  of  125  cubic  feet 
per  minute  of  air  to  the  magnetron  anode,  will  be  mounted  outside  the 
shelter  in  operating  configuration,  with  suitable  ducting  between  the 
magnetron  inlet,  RAOC,  sand  and  dust  filters,  and  rain  shield.  In  trans¬ 
port  condition,  this  blower  will  be  carried  inside  the  shelter.  A  second 
centrifugal  blower,  properly  ducted,  will  provide  filtered  cooling  air  to 
the  modulator/transmitter  case. 

D.  Maintainability  and  Serviceability 

This  group  is  easy  to  service  through  front  and  rear  access  openings. 

Due  to  the  inherent  simplicity  of  the  circuitry  in  the  group,  service¬ 
ability  does  not  require  complex  movable  chassis.  All  tubes  are 


positioned  near  outside  surfaces  of  the  unit  for  easy  access  and  removal. 
The  magnetron  elevator,  operated  by  a  removable  handcrank,  makes  the 
magnetron  replacement  procedure  very  easy.  The  removable  pulse 
generator  makes  the  smaller  components  within  it  readily  accessible. 
Fault  isolation  in  the  module  is  facilitated  by  test  points  at  all  salient 
circuit  junctions.  A  modulator  video-pulse  high  voltage  viewing  circuit 
is  included,  to  assist  in  analyzing  modulator  malfunctions. 

E.  Reliability  Figure 

The  reliability  figure  is  1 500  hours,  exclusive  of  magnetron  life  which 
is  expected  to  be  500  hours  or  more. 

2.  2.4  MODULATOR  POWER  SUPPLY  GROUP 

A.  General 

The  principal  function  of  the  modulator  power  supply  is  to  provide  plate 
power  for  the  modulator/transmitter.  Auxiliary  functions  include  pro¬ 
tection  for  the  modulator/ transmitter  and  the  supply.  Extensive  meter¬ 
ing  facilities  and  relay  logic  for  pulse-width  switching  also  are  included. 

Features  include  a  proportional  time  delay  device  which  minimizes 
waiting  time  in  the  event  of  momentary  power  interruption,  but  which 
provides  adequate  warmup  control  for  the  modulator/ transmitter  main 
thyratron  and  magnetron. 

The  power  supply  is  the  same  as  that  employed  in  the  existing  pro¬ 
duction  radar,  except  for  a  change  in  the  v/armup  delay  relay  and  dele¬ 
tion  of  the  square  tubing  transport  frame  surrounding  the  case. 

A  front  panel  view  of  the  power  supply  is  shown  in  Figure  2,-8.  Not 
shown,  but  a  part  of  the  supply,  is  a  simple  but  rugged  aluminum  case 
containing  %n  inlet  air  filter  and  ball-bearing  rollout  slides. 
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Figure  2-8.  Modulator  power  supply  panel  layout 


Figure  2-9.  Modulator  power  supply  block  diagram 


B.  Overall  Block  Diagram 


Figure  2-9  diagrams  the  individual  functions  of  the  modulator  power 
supply  group. 

C.  Description  of  Operation 

Input  power  to  the  modulator  power  supply  will  be  as  follows: 

(1)  120/208  volts  ac,  400  cycles,  3  phase,  at  12  amperes  nominal 

(2)  120  volts  ac,  400  cycles,  at  7  amperes  nominal. 

(3)  120  volts  ac  (for  convenience  outlets) 

(4)  Plus  28  volts  dc  at  1.  5  amperes  nominal. 

All  ac  supplies  will  be  ±1%  in  voltage  and  ±2%  in  frequency. 

Circuit  breakers  will  be  used  exclusively  for  protection  of  components 
in  the  modulator  power  supply.  The  following  circuit  breakers  will  be 
provided: 

(1)  A  15  ampere,  3  phase  breaker  for  the  3  phase  power 

(2)  A  10  ampere  breaker  for  the  120  volt  single  phase  power 

(3)  A  5  ampere  breaker  for  the  28  volts  dc 

(4)  A  l/2  ampere  breaker  for  the  1000  volt  dc  supply,  and 

(5)  A  5  ampere  breaker  for  the  magnetron  filament  voltage. 

No  breaker  is  provided  on  this  power  supply  for  the  convenience  outlets. 
Adequate  protection  is  afforded  by  a  central  breaker  for  all  outlets  on 
the  radar  components. 

Suitable  time  delays  and  interlocks  will  be  incorporated  to  assure  both 
personnel  and  equipment  protection.  Standard  time  delay  (to  allow 
filaments  to  warmup)  will  be  15  minutes  (before  either  the  8500  volt  or 
1000  volt  dc  supplies  can  be  energized).  In  case  of  power  interruptions 
of  30  seconds  or  less,  an  automatic  re-cycling  device  in  the  time  delay 


relay  will  cause  a  60  second  delay  after  power  is  restored.  For  inter¬ 
ruptions  from  30  seconds  to  15  minutes,  the  re-cycling  time  will  be 
proportional  to  the  off-time.  For  interruptions  over  15  minutes,  the 
full  15  minute  delay  cycle  will  be  repeated. 

Thermostats  are  provided  to  protect  the  equipment  from  overheating. 

If  the  temperature  in  the  modulator  power  supply  exceeds  65°C,  or  if 
the  temperature  in  the  pulse  transformer  oil  exceeds  85°C,  the  control 
circuits  will  automatically  cut  the  power  back  to  70%  of  normal  full 
power.  If  the  temperature  in  the  modulator  power  supply  exceeds  85°C, 
or  if  the  temperature  in  the  pulse  transformer  oil  exceeds  105°C,  the 
high  voltage  will  be  automatically  cut  off  until  the  equipment  cools. 

An  altitude  switch  is  provided  to  automatically  cut  power  back  to  the 
70%  level  if  the  ambient  pressure  falls  below  a  value  corresponding  to 
7000  feet  altitude.  (This  cutback  is  to  protect  the  magnetron  output 
from  flashover. ) 

As  seen  in.Figure  2-9,  the  3  phase  input  power  is  fed  via  the  circuit 
breaker  and  a  plate  contactor  to  the  high  voltage  plate  transformer. 

Taps  on  the  plate  transformer  primary  allow  the  operator  to  set  the 
power  output  to  the  desired  level.  The  secondary  voltage  is  rectified 
by  six  JAN4B31  high  vacuum  diodes  to  supply  the  high  voltage  dc  output 
(nominally  8500  volts  at  0.  4  ampere  dc  with  tap  switch  provision  for 
outputs  of  5950,  7220,  7850,  and  9140  volts  dc),  The  high  voltage  dc 
output  is  fed  through  a  noise  filter  and  a  type  UG-38A/U  connector  to 
the  modulator/transmitter. 

All  large  vacuum  tube  filaments  (via  suitable  transformers)  are  ener¬ 
gized  by  120  volts  ac  (single  phase)  as  soon  as  the  equipment  is  turned 
on.  It  is  also  fed  through  a  1/2  ampere  circuit  breaker  and  a  control  re¬ 
lay  to  the  primary  of  the  trigger  plate  transformer.  The  secondary 


voltage  of  this  transformer  is  rectified  in  a  full  wave  rectifier  (JAN5R4 
WGA)  which  supplies  1000  volts  dc  (maximum)  at  30  milliamperes  dc 
(maximum)  to  the  pulse  generator  circuits  in  the  modulator/transmitter. 

Twenty-eight  volts  dc  at  approximately  1.5  amperes  is  received  from 
the  main  power  supply  and  used  to  perform  control  and  switching  func¬ 
tions  in  the  modulator  power  supply  and  modulator  transmitter.  The 
time  delay  relay  prevents  high  voltage  operation  until  a  15  minute  time 
delay  has  elapsed  by  preventing  28  volts  dc  from  reaching  the  control 
circuits.  By  means  of  a  relay  logic  circuit,  the  transmitter  can  be 
controlled  from  the  indicator  unit:  Radiation-On  Low;  Radiation-On 
High;  Radiation -Off;  Overload  Reset;  Wide  Pulse/Low  Repetition 
Rate;  or  Narrow  Pulse/High  Repetition  Rate,  Switching  from  one 
mode  to  another  is  accomplished  in  a  fraction  of  a  second.  Five  28- 
volt  indicator  lamps  on  the  modulator  power  supply  front  panel  indicate 
equipment  status  as  follows:  Power  On;  Ready  (for  high  voltage); 
Ratiation-On;  Modulator  Power  Supply  Overheating;  and  Modulator/ 
Transmitter  Overheating. 

A  dc  overload  relay  senses  abnormally  high  load  currents  (from  any 
cause)  and  trips  out  the  8500  volt  dc  power  supply.  The  circuit  can  be 
reset  from  the  indicator  front  panel  after  the  fault  has  cleared. 

A  shunt  diode  overload  relay  senses  abnormally  high  shunt  diode  cur¬ 
rent  caused,  for  example,  by  excessive  magnetron  sparking,  and  trips 
out  the  high  voltage  supply.  This  circuit  can  also  be  reset  from  the 
indicator  front  panel. 

Extensive  metering  facilities  are  provided  on  the  modulator  power 
supply  front  panel.  A  0  to  500  milliampere  meter  monitors  either  high 
voltage  power  supply  current  or  shunt  diode  average  current,  selectable 
by  a  toggle  switch.  A  0  to  100  milliampere  meter  monitors  either 
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magnetron  average  plate  current  or  magnetron  filament  current,  also 
selectable  by  a  toggle  switch.  A  three -position  tap  switch  is  provided 
to  set  the  magnetron  filament  current  to  the  optimum  value.  A  0  to 
15  kv  dc  voltmeter  monitors  the  level  of  the  high  voltage  dc  output. 

Two  elapsed  time  meters  are  provided:  one  measures  total  equipment 
hours;  the  other  measures  high  voltage  (radiation  on)  hours. 

A  shorting  resistor  discharges  the  high  voltage  capacitor  (via  a  relay) 
in  less  than  one  second  when  the  equipment  is  turned  off.  As  a  backup 
bleeder,  the  high  voltage  metering  circuit  will  bleed  the  charge  down 
to  less  than  100  volts  in  about  75  seconds.  Interlocks  are  provided  on 
bpth  the  modulator  power  supply  and  the  modulator  transmitter  to  re¬ 
move  the  8500  and  1000  volt  potentials  whenever  the  chassis  is  project¬ 
ing  from  the  case  or  an  access  plate  is  open. 

A  cooling  blower  is  provided  in  the  modulator  power  supply  to  supply 
at  least  190  cubic  feet  per  minute  of  cooling  air.  Sand  and  dust  filter¬ 
ing  and  splash  proofing  are  provided. 

The  modulator  power  supply  is  packaged  so  that  all  components  are 
easily  accessible  for  maintenance. 

D.  Maintainability  and  Serviceability 

The  supply  is  designed  for  easy  access  to  all  parts.  The  means  of 
access  is  via  a  sliding  insulating  plate  that  mounts  the  full  wave-recti¬ 
fiers.  This  plate  slides  back  and  down  to  expose  all  components 
mounted  on  the  bottom  plate  of  the  unit.  Two  chassis  at  the  sides  con¬ 
taining  relays,  hinge  outward  to  completely  expose  the  chassis  interior. 
Nearly  all  relays  in  the  unit  are  plug-in  types. 


The  completeness  of  metering,  circuit  protection,  and  general  control 
and  monitoring  functions  for  the  modulator/transmitter  and  the  power 


supply,  and  the  features  already  described  above,  make  troubleshooting 

and  correction  rapid  and  easy. 

E,  Reliability  Figure 

The  reliability  figure  is  5300  hours. 

2.2.5  MAIN  POWER  SUPPLY  GROUP 

A.  Function 

The  main  power  supply  group  performs  the  following  functions: 

(1)  Distributes  input  power  (ac)  to  the  modulator  power  supply, 
azimuth  range  indicator,  receiver,  and  antenna  pedestal  group 
of  the  radar  set. 

(2)  Delivers  +350  volts  dc  to  the  azimuth  range  indicator,  modula¬ 
tor  power  supply,  and  receiver  group  of  the  radar  set. 

(3)  Delivers  28  volts  dc  to  the  modulator  power  supply,  azimuth 
range  indicator,  receiver,  and  magnetron  tuning  unit  groups 
of  the  radar  set. 

(4)  Delivers  necessary  driving  power  to  the  antenna  drive  motor 
armature  from  the  Electronic  Control  Amplifier  (-105  to  +105 
volts  dc). 

B.  Elements 

The  main  power  supply  group  consists  of  the  following  elements: 

(1)  Power  control  circuits 

(2)  28-vdc  power  supply 

(3)  350-vdc  power  supply 

(4)  Metering  circuits 

(5)  Electronic  control  amplifier. 


Each  element  is  described  in  more  detail  below. 

350-vdc  Supply 

(1)  Nature:  +350  volts  dc  ±5%- 

(2)  Ripple:  1.0  v  max  (60-1000  cps) 

(3)  Current:  0. 09  ampere 

(4)  Destination:  Azimuth  range  indicator,  radar  receiver,  and 

modulator  power  supply 

28-vdc  Supply  -  This  power  supply  is  as  follows: 

(1)  Nature:  +28  vdc,  +2  -6% 

(2)  Current  requirements:  2.4  amp  at  28  vdc 

(3)  Destination:  Modulator  power  supply,  azimuth  range  indica¬ 

tor,  Magnetron  tuning  unit,  and  radar  receiver. 

Electronic  Control  Amplifier 

(1)  Signal  input;  Search  condition: 

Nature:  dc 

Magnitude:  -13  to  +20  vdc  variable  by  Ant.  Speed  control 

(2)  Signal  input;  Searchlite  condition: 

Nature:  dc  with  superimposed  400  cps  ac  single  phase 
Magnitude:  ac  from  10  to  30  V,  peak  limited. 

(3)  Signal  source:  azimuth  range  indicator  A811 

(4)  Signal  output: 

Destination:  antenna  drivemotor  armature 
Nature:  dc 

Magnitude:  0  to  +105  vdc  (at  15  rpm  antenna  rotating  speed) 


Metering  Circuit  -  A  meter  located  in  the  front  panel  permits  monitor¬ 
ing  of  the  following  voltages: 

(1)  120  volts  ac  400  cps  phase  1  unregulated 

(2)  120  volts  ac  400  cps  phase  2  unregulated 

(3)  120  volts  ac  400  cps  phase  3  unregulated 

(4)  120  volts  ac  400  cps  delayed 

(5)  +350  volts  dc  (voltage) 

(6)  +350  volts  dc  (current) 

(7)  +28  volts  dc  (voltage) 

(8)  +28  volts  dc  (current) 

Meter  is  protected  from  deterioration  in  the  field. 

Circuit  Breakers:  The  following  circuits  are  protected  by  circuit 
breakers. 

( 1 )  Auxiliary  power  input  1 20  vac  1 5  A 

(2)  IFF  power  outlets  120  vac  5  A 

(3)  +28  VDC  input  120  Vac  4  A 

(4)  Delayed  120  vac  input  120  vac  5  A 

Provision  should  be  incorporated  to  cut  off  the  208/120  30  vac  input 
should  one  phase  or  more  of  the  external  supply  fail  to  operate  properly. 
A  voltage  and  frequency  sensory  device  will  trip  the  main  power  contrac¬ 
tor  under  abnormal  supply  conditions. 

Indicators  are  provided  to  show: 

(1)  Presence  of  power  to  service  outlets 

(2)  Main  power  each  phase. 

Indication  of  tripped  circuit  breakers  is  achieved  by  observa¬ 
tion  of  the  handle  position.  Fuses  are  not  used  in  the  main 
power  supply  group. 


Cooling:  The  main  power  supply  is  cooled  by  a  blower  with  a  minimum 
capacity  of  60  cubic  feet  per  minute. 


Operator  Controls: 

(1)  Antenna  control  switch  enables  the  application  of  main  power 
tp  the  antenna  control  unit. 

(2)  Meter  selector  switch  is  provided  to  select  inputs  to  the  moni¬ 
toring  circuit. 

(3)  Main  power  breaker  in  208/120  vac  input.  This  is  a  companion 
trip  breaker  which  opens  all  3  phases  if  the  current  in  any  leg 
exceeds  30  amperes  average.  Adequate  delay  is  provided 
against  trip  out  on  peak  surge  conditions. 

Main  Power  Outputs: 

Destination:  modulator  p.  s. ,  antenna  pedestal 
Nature:  Same  as  input  power 

Connections  -  All  electrical  connections  to  the  main  power  supply  are 
routed  through  the  shelter  wiring  and  mated  through  JAN  approved 
watertight  connectors. 

C.  Primary  Power  Distribution  Circuits  and  Power  Supplies 
a.  General 

The  power  distribution  control  is  centered  on  the  panel  of  the  main 
power  supply.  All  input  circuits  are  controlled  and  protected  by  cir¬ 
cuit  breakers  on  the  panel.  A  metering  circuit  is  provided  for  moni¬ 
toring  the  individual  power  supply  assemblies  in  the  main  power  supply. 


b.  Power  Sources 


A  turbine-generator  supplies  primary  power  of  208  vac,  3-phase,  400 
cycles  to  connector  J1161,  pins  A,  B,  and  C.  The  main  power  circuit 
is  protected  by  the  MAIN  POWER  circuit  breaker  CB116I,  rated 
at  30  amperes  per  phase.  A  120  vac,  60  cycle,  single  phase  auxiliary 
generator  can  be  used  as  a  power  source  for  the  SERVICE  OUTLETS. 
Auxiliary  power  is  applied  to  connector  J1162,  pins  A  and  B,  whenever 
phase  1,  120  vac,  400  cycle  power  is  not  desired.  OUTLETS  POWER 
switch  SI  162  is  set  to  the  MAIN  SOURCE  or  AUX  SOURCE  position  de¬ 
pending  upon  what  type  power  is  supplied.  In  the  AUX  SOURCE  position 
of  S1162,  SERVICE  OUTLETS  circuit  breaker  CB1169,  rated  at  15  am¬ 
peres,  protects  the  circuit.  In  the  MAIN  SOURCE  position  of  SI  162, 
power  supplied  to  the  service  outlets  is  phase  3,  120  vac,  400  cycles. 

A  neutral  ground  line  connects  to  other  units  of  the  radar  through  the 
following  connectors;  J 1 1 6 1 ,  pin  D;  filter  FL11 65,  terminals  4  and  8; 
J1167,  pins  K  and  J;  Filter  FL1 162,  terminal  B;  and  switch  SI  162,  pin  2. 
IFF  OUTLETS  are  supplied  with  phase  1,  120  vac,  400  cycle  power 
through  IFF  OUTLETS  circuit  breaker  CB1164,  rated  at  5  amperes. 
Three-phase,  208  vac,  400  cycles  is  furnished  blower  B1161,  through 
circuit  breaker  CB1162,  rated  at  12  amperes.  Three  MAIN  POWER 
indicating  lamps  are  provided  to  indicate  power  in  the  three  phase  cir¬ 
cuit.  Lamp  DS1163  is  for  phase  1,  DS1164  for  phase  2,  and  DS1165  for 
phase  2.  These  lamps  light  any  time  the  main  power  is  supplied  to  con¬ 
nector  J 1 161 .  SERVICE  OUTLETS  POWER  ON  indicating  lamp  DS1161 
lights  when  power  is  applied  to  the  service  outlet  circuit.  Outlet  power 
may  come  from  J1 161  or  J1162. 

The  various  power  supplies  that  develop  the  DC  voltages  required  for 
the  operation  of  the  equipment  are  located  in  the  various  chassis.  Pri¬ 
mary  power  is  distributed  to  these  various' units .  The  operation  of  the 
individual  power  supplies  is  described  in  the  following  paragraphs.  De¬ 
tails  of  the  modulator  power  supply  are. given  in  Section  2.  2.  3 


Delay  circuitry  as  described  herein  contains  provision  to  permit  60- 
second  power  interruption  without  resetting  to  start  normal  delay  cycle. 

c.  Main  Power  Supply 

The  dc  power  supply  in  this  unit  consists  of  a  350  vdc  power  supply; 
a  28  vdc  power  supply;  a  metering  circuit;  a  phase  2,  two-minute  time- 
delay  relay;  and  a  system  standby-opepate  relay. 

The  stapdby-operate  relay  is  energized  by  the  28  vdc  supply  after  the 
MAIN  POWER  circuit  breaker  is  turned  ON;  provided  CONDITION  SE- 
LECTOR  switch  S812  on  the  Azimuth  Range  Indicator  is  not  in  the 
STANDBY  position  and  the  two-minute  time-delay  relay  has  cycled  for 
two  minutes.  When  the  two-minute  delay  relay  energizes,  contacts  7-11 
open,  turning  off  the  STANDBY  lamp  located  on  the  Azimuth-  Range 
Indicator.  At  the  same  time  contacts  1-9  close  to  prepare  a  circuit 
in  the  Electronic  Control  Amplifier  (A1162),  and  contacts  4-12  close 
to  turn  on  the  +350  vdc  power  supply.  When  the  standby  operate  is 
energized,  time  delayed  phase  2  power  is  channeled  through  contacts 
4-12  to  the  Radar  Receiver  and  the  Azimuth-Range  Indicator. 

The  phase  2  delay  circuit  is  activated  when  the  motor  winding  of  standby- 
operate  relay  is  energized  through  its  normally  closed  contacts  1-2. 
Energizing  power  is  120  vac,  phase  2  voltage  applied  immediately  after 
the  Main  Power  circuit  breaker  and  28V  input  circuit  breakers  are 
turned  ON.  After  the  motor  has  run  for  two  minutes,  it  opens  its  ener¬ 
gizing  contacts  1-2,  to  cut  itself  off  and  closes  contacts  6-8  and  3-5. 
These  contacts  are  latched  closed  by  clutch  coil  9-10  of  the  standby- 
operate  relay,  which  is  energized  by  the  28  vdc  source  during  the  two- 
minute  running  interval  of  the  motor.  The  clutch  coil  remains  energized 
keeping  the  contacts  latched  as  long  as  the  MAIN  POWER  circuit  breaker 
and  the  28  vdc  circuit  breaker  are  turned  ON.  The  two-minute  delay 
gives  the  filament  circuits  in  the  various  units  time  to  warm  up  before 
plate  voltage  is  applied. 


d.  28-vdc  Power  Supply 

These  circuits  are  powered  from  phase  2,  120  vac  source,  through 
terminals  3  and  24  of  J1081.  The  AC  power  is  applied  to  the  primary 
winding  of  a  stepdown  transformer  whose  secondary  voltage  is  applied 
to  a  silicon  full-wave  bridge  rectifier.  The  resultant  pulsating  dc  out¬ 
put  is  smoothed  by  a  capacitive  input  filter.  The  28  vdc  output  is  taken 
across  series  bleeder  resistors  and  channeled-out  of  the  dc  power  sup¬ 
ply  through  terminals  13  and  21  of  J1081. 

e.  3 50 -vdc  Power  Supply 

These  circuits  are  powered  by  the  phase  2,  120  vac,  delayed  power 
through  terminal  4-12  of  K1082  and  terminal  24  of  J1081.  This  120  vac 
is  applied  to  the  primary  of  a  step-up  transformer  whose  secondary 
winding  applies  power  to  a  silicon  full-wave  bridge  rectifier.  The 
pulsating  dc  voltage  output  of  the  rectifier  is  smoothed  by  an  inductive 
input  filter.  Output  of  the  350  vdc  power  supply  is  taken  across  a 
bleeder  resistor  and  channeled  through  terminals  18  and  22  of  J1081. 

This  output  is  distributed  to  the  modulator  power  supply,  receiver, 
and  indicator.  An  interlocking  circuit  is  provided  by  a  cabinet  inter¬ 
lock  switch,  circuit  breaker  and  contacts  4-12  of  the  Standby- operate 
relay.  Unless  this  relay  is  energized,  the  input  to  the  350  vdc  power 
supply  is  open  and  there  is  no  350  vdc  output. 

f.  Metering  Circuit 

A  meter  in  conjunction  with  METER  SWITCH  SI  163  monitors  the  inputs 
and  outputs  of  the  Amplifier- Power  Supply.  Monitoring  parameters  are 
the  120  vac,  400  cycle,  phase  1,  2,  and  3;  120  vac,  400  cycle,  phase  2 
delayed;  +3  50  vdc;  +28  vdc;  and  current  in  the  +350  and  +28  ydc  circuits. 
In  the  first  four  positions  of  SI  163,  the  AC  VOLTS  selections  are  moni¬ 
tored.  Voltages  checked  are  the  supply  source,  phase  1,  phase  2, 
phase  3,  the  time  delayed  phase  2;  all  of  which  are  nominally  120  vac 


at  400  cycles.  Samplings  of  these  ac  voltages  are  rectified  before 
they  are  applied  to  the  dc  meter  Ml  161.  Rectification  is  by  a  half¬ 
wave  rectifier  in  the  dc  power  supply.  AC  voltage  is  fed  into  the  dc 
power  supply  through  a  current  limiting  resistor  and  then  rectified. 
Another  half  wave  rectifier  keeps  the  reverse  voltage  across  the  recti¬ 
fier  combination  near  zero.  The  dc  meter  voltage  is  taken  across  a 
bleeder  network  and  fed  through  S1163B  to  the  high  side  of  the  meter. 
The  low  side  of  the  meter  is  connected  to  S1163C  which  is  tied  to  neu¬ 
tral  ground. 

In  the  28  vdc  supply  a  resistor  is  inserted  between  the  chassis  ground 
and  the  low  side  of  the  rectified  dc  output  for  relative  current  voltage 
monitoring.  When  the  panel  metering  selector  is  in  the  28  V  I  position, 
this  monitoring  circuit  is  placed  into  operation.  A  relative  indication 
of  the  28  vdc  supply  current  drain  can  be  checked  at  any  time  by  the 
operation  of  the  switch. 

Similar  current  and  voltage  monitoring  provisions  arc  provided  for  the 
350  vdc  supply  circuits. 

g.  Electronic  Control  Amplifier  (A1162) 

This  chassis  is  located  in  the  main  power  supply.  The  circuits  con¬ 
sist  qf  a  thyratron  stage,  a  magnetic  amplifier  Btage,  a  demodulator 
stage  and  relays  used  for  switching  and  protection. 

The  thyratron  stage  consists  of  four  thyratrons,  V901  to  V904.  An 
ac  voltage  is  applied  across  each  thyratron,  permitting  each  tube  to 
conduct  for  a  portion  of  each  half  cycle.  The  amount  of  current  each 
tube  supplies  to  the  load  is  determined  by  the  firing  angle  of  the  vol- 
tage  pulse  applied  to  its  grid.  This  pulse  is  a  sinusoidal  function, 
however,  the  current  in  the  tube  is  also  dependent  upon  the  speed  of 
the  antenna  drive  motor.  The  motor  generates  a  back  emf  that  appears 
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to  the  tubes  as  an  additional  voltage  source.  In  normal  operation,  the 
back  emf  is  of  such  a  polarity  as  to  reduce  the  conducting  time  of  the 
tube.  In  the  continuous  SEARCH  mode,  the  outputs  of  three  thyratrons 
V902,  V903,  and  V904  are  combined  at  their  cathodes  to  supply  the  load 
current.  V901  provides  dynamic  braking  under  overhauling  wind  con¬ 
ditions.  In  the  SEARCHLIGHT  mode  of  operation,  V902  and  V904  rotate 
the  antenna  clockwise  and  V901  and  V903  provide  current  for  counter¬ 
clockwise  rotation.  K901  and  K902  provide  a  means  of  switching  between 
modes.  A  larger  filter  capacitor  C905  reduces  the  ripple  of  the  pulsed 
current  before  it  enters  the  armature  of  the  antenna  drive  motor.  Sim¬ 
ple  inductors  L901A  and  B,  and  L902A  and  B  in  the  plate  circuits  of 
the  thyratrons  limit  the  peak  current  to  a  safe  value.  The  thyratron 
firing  angle,  and  consequently  the  average  thyratron  current,  is  con¬ 
trolled  by  a  magnetic  amplifier.  To  increase  the  speed  of  the  antenna 
motor,  the  firing  angle  of  the  thyratrons  is  decreased. 

The  magnetic  amplifier  Z901  controls  the  precise  firing  point  of  the 
thyratron  tubes.  It  provides  a  triggering  pulse  with  a  very  steep  wave 
front.  The  phase  shift  of  the  leading  edge  of  this  voltage  pulse  with 
respect  to  the  thyratron  plate  supply  voltage  is  proportional  to  the  dc 
current  in  the  magnetic  amplifier's  control  winding.  The  relationship 
between  input  current  and  output  firing  angle  is  non-linear  except  for 
a  small  range  of  input  currents  near  zero.  Four  outputs  are  provided 
by  the  magnetic  amplifier,  one  to  control  each  of  the  four  thyratrons. 

The  magnetic  amplifier  controlling  V903  is  switched  between  operational 
modes  to  insure  the  proper  phase  relation  between  the  magnetic  ampli¬ 
fiers  and  the  thyratrons. 

Four  relays  K901  and  K904  are  used  in  the  Electronic  Control  Ampli¬ 
fier.  Two  of  these,  K901,  K902  are  function  changing  relays  and  the 
other  two,  K903,  K904  are  protective  relays.  Relays  K901  and  K902 
have  their  coils  energized  by  28  vdc  when  the  mode  of  operation  is 


switched  from  continuous  SEARCH  to  SEARCHLIGHT  operation*.  The 
contacts  of  K901  switch  the  supply  voltage  on  V903  from  applied  to 
the  plate,  to  ^C  applied  to  the  cathode.  Relay  K902  switches  the  input 
supply  voltage  and  reverses  the  direction  of  current  through  the  control 
winding  of  the  magnetic  amplifier  so  its  output  pulse  is  of  the  proper 
polarity  and  phase  to  control  thyratron  V903.  K902  also  completes  a 
ground  connection  to  the  phase-sensitive  demodulator  circuit  in  SEARCH¬ 
LIGHT  operation  to  keep  the  demodulator  operational.  The  two  protec¬ 
tive  relays  are  K903  and  K904.  K903  is  a  thermal  time  delay  relay  with 
a  two-minute  delay.  In  conjunction  with  K904,  it  prevents  thyratron 
tube  firing  until  the  filaments  of  the  thyratron  are  heated.  Short  cir¬ 
cuit  protection  of  the  motor  field  is  provided  by  obtaining  the  energizing 
voltage  for  K904  directly  from  the  motor  field  terminals.  One  pole  of 
K904  is  used  to  open  the  circuit  to  the  heating  element  of  K903  and  lock 
in  its  own  coil.  Tins  feature  is  intended  to  increase  the  life  of  K903 
and  offer  greater  protection  to  the  thyratrons  recycling  after  power 
failure. 

The  phase- sensitive  demodulator  circuit  consists  of  transformer  T901 
and  ring  demodulator  CR909  to  CR911.  It  is  a  simple  attenuator  in  the 
normal  search  mode  of  operation,  but  acts  a  demodulator  in  the  search¬ 
light  mode  of  operation.  A  dc  voltage  proportional  to  the  positional 
error  is  obtained  at  the  input  tp  the  magnetic  amplifier. 

A  limit  circuit  using  Zener  diodes  provides  improved  antenna  control. 

An  initial  reference  voltage  appears  at  the  input  of  the  magnetic  am¬ 
plifier  at  stall  speed.  For  positive  signals  into  the  magnetic  amplifier, 
this  reference  voltage  is  determined  by  the  breakdown  voltage  of  Zener 
diode  CR903  and  the  forward  drop  of  CR904,  When  a  negative  signal  is 
driving  the  magnetic  amplifier  the  Zener  breakdown  voltage  of  CR904 
and  the  forward  drop  of  CR903  combine  to  produce  the  initial  reference 
voltage.  If  the  reference  voltage  is  exceeded  by  the  signal  voltage  in 


either  polarity,  the  signal  voltage  will  be  effectively  clamped  by  the 
Zener  diodes.  This  limits  the  firing  angle  of  the  thyratrons  and  the 
average  current  in  their  loads.  As  the  speed  of  the  motor  increases, 
a  voltage  drop  will  appear  across  R903.  This  raises  the  level  of  the 
reference  voltage  and  permits  the  signal  voltage  to  the  magnetic  ampli¬ 
fier  to  increase.  A  two  slope  limiter  is  necessary  to  achieve  proper 
regulation  of  the  antenna  motor.  This  is  done  by  another  pair  of  Zener 
diodes.  When  the  motor  reaches  approximately  half  speed,  CR901  or 
CR902  break  down,  shorting  out  R903.  This  changes  the  slope  of  the 
voltage  drop  across  R903  with  further  increasing  speeds,  and  permits 
higher  currents  than  would  otherwise  be  possible. 

D.  Mechanical  Description 

The  Main  Power  Supply  case  is  submersible  in  the  transport  condition. 
It  is  33-1/2  inches  high,  23  inches  wide,  and  28  inches  deep;  encloses 
12  cubic  feet,  and  weighs  170  lbs. 

The  chassis  slides  out  to  the  front,  revealing  the  underside  of  the  chas¬ 
sis  mounted  on  each  side. 

E.  Reliability 

MTBF  4000  hrs.,  based  on  90  percent  confidence  level. 

2.2.6  ANTENNA  PEDESTAL  GROUP 
A.  General 

The  antenna  pedestal  should  be  identical  to  the  type  presently  employed 
in  a  current  production  model  system.  The  pedestal  was  designed  by 
RCA,  and  has  been  used  extensively  the  the  military  in  the  field. 
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B.  Technical  Description 

The  antenna  pedestal  provides  the  mechanical  support  and  drive  rnecha- 
nism  for  the  radar  antenna.  The  pedestal  contains  a  rotary  waveguide 
coupler  assembly,  an  IFF  coaxial  rotary  coupler,  the  drive  components, 
and  the  drive  train  gear  box.  The  pedestal  consists  of  cast  and  welded 
construction. 

To  prevent  condensation  in  the  rotary  coupler,  a  500-watt  ring  heater 
is  furnished  inside  the  turret  air  chamber.  The  heating  unit  will  de¬ 
energize  at  approximately  110°F,  and  will  be  energized  when  the  tem¬ 
perature  drops  to  80°F.  The  drive  gears  are  cooled  by  forced  circula¬ 
tion  of  oil. 

Two  250-watt  oil  heaters  are  installed  in  the  gear  box  to  maintain  the 
oil  between  25°  and  50°F.  Waterproof  service  outlets  are  supplied  on 
the  pedestal.  A  type  13CX4  synchro  is  mounted  in  a  1-to-l  ratio  with 
the  antenna.  It  will  be  zeroed  when  the  antenna  faces  forward  on  the 
shelter.  A  drawing  of  the  synchro  installation  is  shown  in  Figure  2-10. 

Two  type  IR23N4  resolvers  will  be  mounted  in  1-to-l  and  10-to-l  ratios 
with  the  antenna  to  supply  remote  indicators  with  antenna  position  infor¬ 
mation.  426.6-cycle  excitation  of  the  resolvers  will  be  furnished  from 
the  resolver  reference  generator  and  they  will  be  zeroed  the  same  as 
the  synchro.  A  drawing  of  the  resolver  installation  is  shown  in  Figure 
2-10. 

A  study  conducted  by  RCA  revealed  that  the  addition  of  two  resolvers 
can  be  accomplished  by  the  use  of  an  add-on  gear  box  which  would  ex¬ 
tend  under  the  existing  gear  housing.  Except  for  the  downward  exten¬ 
sion,  the  envelope  of  the  existing  gear  box  will  not  be  exceeded. 
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Depending  on  the  accuracy  required,  the  gear  backlash  will  be  controlled 
by  eccentric  adjustments  on  each  shaft,  or  by  the  use  of  accurately  jig 
bored  plates  and  dowel  pins  between  assemblies.  JAN  approved,  water¬ 
tight  connectors  will  be  used  throughout,  and  will  be  protected  against 
water  in  accordance  with  MIL-C-5015. 

The  pedestal  will  rotate  the  reflector  about  a  vertical  axis  in  a  clock¬ 
wise  direction  at  varying  speeds  from  zero  to  15  rpm  under  no-load 
conditions  under  the  following  tolerances:  ±0.  5  rpm  from  zero  to  3  rpm, 
and  ±15  percent  from  3  to  15  rpm.  An  antenna  speed  indicator  will  be 
provided  with  an  accuracy  of  ±0.  5  rpm. 

When  the  antenna  speed  indicator  is  set  at  2.  6  ±0.5  rpm,  the  antenna 
Will  not  stall  ina  60-knot  wind;  however,  a  dial  setting  of  2.  6  ±0.  5  rpm 
will  not  necessarily  indicate  the  instantaneous  antenna  speed.  The  same 
will  apply  to  the  following:  the  speed  indicator  set  at  1. 8  rpm  ±  0.  5  rpm 
in  a  50-knot  wind,  and  0.  8  rpm  ±0.  5  rpm  in  a  40-knot  wind. 

To  indicate  when  the  antenna  unit  has  been  brought  into  true  level,  spirit 
level  indicators  will  be  supplied  to  give  accurate  indications  of  the  pedes¬ 
tal  attitude.  A  blower  will  be  provided  on  the  pedestal  to  cool  the  drive 
motor,  and  waveguide  rotary  coupler. 

The  voltage  standing  wave  ratio  for  the  waveguide  and  IFF  rotary  couplers 
will  not  be  greater  than  the  following  rates:  1. 23  to  1.0  measured  through 
the  flexible  waveguide  for  the  waveguide  coupler,  and  1.  5  to  1.0  measured 
through  the  input  jack  for  the  IFF  coupler.  The  IFF  rotary  coupler  will 
be  lubricated  externally  in  accordance  with  MIL-I-8660.  The  waveguide 
will  maintain  electrical  continuity  through  the  rotary  joint  by  utilising 
choice  couplings;  no  physical  contact  will  be  made. 

To  hold  the  antenna  at  a  desired  elevation  angle,  a  tilting  device  will  be 
provided,  and  it  will  indicate  inclination  at  0,  -2,  and  +5  degrees. 


Environmental  Conditions  -  When  operating,  the  unit  will  meet  the  speci¬ 
fied  requirements  when  subjected  to  a  wind  of  52  knots  from  any  horizontal 
direction,  and  will  operate  with  degraded  performance,  but  without  struc¬ 
tural  damage,  in  winds  between  52  knots  and  100  knots.  When  the  unit  is 
non-operative,  it  will  withstand  a  wind  of  100  knots  in  any  horizontal  direc¬ 
tion  without  structural  damage. 

In  order  to  utilize  the  proven  capabilities  of  the  existing  production  pedes¬ 
tal,  antenna,  and  servo  drive,  these  items  should  be  capable  of  operation 
with  a  maximum  of  l/8  inch  of  rime  ice  on  all  external  surfaces.  Under 
this  icing  condition  the  unit  will  be  capable  of  operation  without  any  degrada¬ 
tion  in  performance  or  structural  damage. 

The  unit  will  also  be  capable  of  operation  without  degradation  in  perfor¬ 
mance  under  conditions  of  up  to  two  inches  per  hour  of  raiin  or  up  to  one 
inch  of  snow  per  hour.  The  unit  should  be  tested  in  accordance  to  MIL¬ 
E-4970  with  shelter  doors  open,  and  rainfall  slanting  at  a  45-degree  angle. 

The  unit  should  also  be  capable  of  operation  without  degradation  or  struc¬ 
tural  damage  under  the  following  conditions:  95  percent  humidity,  includ¬ 
ing  condensation;  atltitudes  up  to  10,  000  feet  above  sea  level;  sand  and 
dust  atmospheres  in  accordance  with  MIL-E-4970;  salt  atmospheres  in 
accordance  with  MIL-E-4970;  and  resist  fungus  in  accordance  with  MIL¬ 
E-4970. 

C.  Maintainability  and  Serviceability 

The  pedestal,  with  slight  modifications,  has  been  designed  for  easily 
accessible  and  trpuble-free  components;  therefore,  maintainability  and 
serviceability  of  the  pedestal  will  meet  all  requirements. 
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2.  2.7  RESOLVER  REFERENCE  GENERATOR 


A.  General 

A  resolver  reference  generator  (Figure  2-11)  supplying  a  426.6  cps 
basic  reference  frequency  should  be  supplied  as  part  of  the  AN/TPS-35 
Radar  Set.  The  output  of  this  unit  supplies  a  three-wire,  quadrature- 
phased  reference  for  the  radar  antenna  resolver. 

Two  cathode  followers  are  supplied  to  provide  signal  matching  from  the 
resolver  outputs  to  the  microwave  link. 

B.  Technical  Description 

The  resolver  reference  voltage  is  generated  by  a  426.6  cps  oscillator. 
The  frequency  will  be  controlled  by  a  Vibrasender.  The  vibrasender 
consists  of  a  tuned  cantilever  reed  made  of  alloy  steel,  a  coil,  and  two 
permanent  magnets.  The  reed  is  mounted  so  that  one  end  is  free  to  vi¬ 
brate  within  the  magnetic  influence  of  the  coil.  The  combination  of  the 
vibrating  reed  in  the  magnetic  field  of  the  coil  acts  as  a  high  Q  resonant 
circuit.  A  high  order  of  amplitude  and  frequency  stability  is  obtained 
by  an  AGC  voltage,  supplied  to  the  grid  of  the  oscillator  as  described 
below.  The  frequency  stability  of  the  oscillator  will  be  better  than  0.  5 
percent. 

The  output  of  the  oscillator  is  fed  to  a  buffer  amplifier  which  serves  to 
increase  the  amplitude  of  the  signal,  and  to  isolate  the  oscillator  from 
the  load  circuit,  The  output  of  this  amplifier  drives  a  second  amplifier, 
and  also  feeds  a  crystal  rectifier.  This  rectifier,  in  conjunction  with 
an  RC  filter  network,  converts  a  portion  of  the  426.  6  cps  signal  to  a  dc  • 
voltage  that  is  proportional  to  the  amplitude  of  the  426.  6  cps  signal. 

This  dc  voltage  is  fed  back  to  the  grid  of  the  oscillator  tube.  By  con¬ 
trolling  the  amplitude  of  the  oscillator  output  external  to  the  oscillator 


tube  itself,  the  signal  distortion  is  reduced,  and  the  additional  open- 
loop  gain  provided  by  the  amplifier  stage  improves  the  amplitude  stabil¬ 
ity  of  the  oscillator.  The  output  of  this  amplifier  stage  also  drives  a 
second  amplifier  as  mentioned  above,  and  the  output  of  this  second  am¬ 
plifier  feeds  a  filter  which  reduces  the  h&rmonic  distortion  of  the  signal 
to  less  than  0.  5  percent. 

The  output  of  the  filter  feeds  a  cathode  follower  through  a  gain  control 
to  provide  adjustment  of  output  voltage.  At  the  output  of  the  cathode 
follower,  the  signal  splits  into  three  parts:  the  first  output  is  the  refer¬ 
ence  output  which  is  unchanged  in  phase;  the  second  output,  Ref.  A,  is 
retarded  in  phase  45°  from  the  reference  output  by  an  RC  network.  The 
load  is  coupled  to  the  phase-shift  network  by  means  of  a  totem- pole  type 
cathode  follower.  This  type  of  circuit  provides  a  source  impedance  of 
approximately  10  ohms.  The  third  output,  Ref.  B,  is  advanced  in  phase 
45°  from  the  reference  output  by  means  of  an  RC  network.  This  output 
is  coupled  to  the  load  by  means  of  a  totem-pole  type  cathode-follower 
similar  to  that  used  for  Ref.  A.  We  thus  have  three  outputs:  a  reference 
output,  and  two  outputs  leading  and  lagging  the  reference  output  by  45°. 
These  latter  two  outputs  are  thus  90°  out  of  phase  with  respect  to  each 
other.  These  latter  two  outputs  are  fed  to  the  resolver  stator  quadra¬ 
ture  fields. 

The  harmonic  distortion  at  the  output  of  the  filter  will  be  less  than  0.  5 
percent.  Since  a  properly  designed  cathode  follower  generates  negligi¬ 
ble  distortion,  the  harmonic  distortion  of  the  three  outputs  will  also  be 
less  than  0.  5  percent. 

A  test  circuit  is  also  provided,  which  (in  conjunction  with  a  cathode- 
ray  oscilloscope)  is  used  to  check  the  90°  phase  difference  between  Ref. 
A  and  Ref.  B. 


In  addition  to  providing  the  outputs  described  above,  two  cathode  followers 
will  be  incorporated  to  couple  the  fine  and  coarse  resolver  outputs  to  the 
microwave  system.  The  output  voltage  of  each  of  these  cathode  followers 
will  be  at  least  0.  5  volts  rms. 

All  of  the  above  outputs,  Ref. ,  Ref.  A,  Ref.  B,  and  the  fine  and  coarse 
resolver  outputs,  will  be  made  available  to  the  input  of  the  cable  connec¬ 
tor  at  the  junction  box  for  cable  remoting  purposes  as  well  as  to  the  micro- 
wave  system. 

The  relative  amplitude  of  the  reference  and  rotor  signals  will  be  well 
within  ten  percent  at  the  end  of  the  remote  cable,  provided  that  the  wires 
carrying  these  signals  are  approximately  equal  in  size  and  length. 

C.  Mechanical  Discussion 

The  resolver  reference  generator  will  be  an  integral  part  of  the  Radar- 
Microwave  Junction  Box.  The  reference  generator  will  be  chassis 
mounted  and  capable  of  being  removed  from  the  junction  box  for  major 
servicing. 

Shock  mounting  should  be  employed,  if  required,  to  obtain  the  desired 
frequency  stability. 

D.  Maintainability  and  Serviceability 

The  unit,  as  mentioned,  is  removable  from  the  junction  box  to  provide 
ease  of  maintenance  and  replaceability.  All  power  and  signal  inputs 
should  be  applied  through  connectors.  Suitable  test  points  are  provided 
to  monitor  all  output  signals  and  monitor  pertinent  points  for  testing  and 
calibration  purposes. 


E.  Reliability 

The  MTBF  figure  for  the  Resolver  Reference  Generator:  ie  «  4000  hours. 
2. 2. 8  ANTENNA  GROUP 

A.  General 

The  AN/ TPS- 3 5  radar  antenna  is  a  modified  parabolic  screen  reflector 
providing  a  cosecant*  aqua  red  radiating  pattern  in  elevation.  The  antenna 
assembly  consists  of  a  reflector,  sectoral  feedhorn  and  associated  feed, 
a  hybrid  switch  to  provide  polarisation  diversification,  an  IFF  horn,  and 
the  associated  supporting  hardware. 

B.  Technical  Description 

The  antenna  reflector  is  a  modified  parabolic  screen  with  a  horiaontal 
aperture  of  approximately  15  feet  9  inches  and  a  vertical  aperture  of 
6  feet  2  inches. 

The  electrical  characteristics  of  the  antenna  are  as  follows: 


(1) 

Horiaontal  Beam  width: 

3.  7° 

<5.  0°  up  to  40  elevation 

(2) 

Main  Beam  Elevation: 

3.0°  (0°  antenna  elevation) 

(3) 

Vertical  Beamwidth; 

*  11.0° 

(4) 

Cosecant  Squared 
Response: 

Nominally  between  9°  and  36° 

(5) 

Antenna  Gain: 

n  26  DB  over  1250  -  1350  meps 

(6) 

Sidelobe  Levels: 

*  -26  DB  from  maximum  radia¬ 
tion  (*5°  elevation) 

(The  preceding  characteristics  are  applicable  over  the  range 
of  1250  *  1350  Me) 


a.  Polarization  Diversification 


In  considering  the  conversion  of  the  Type  II  antenna  from  its  present 
form  to  a  capability  of  selectable  linear  or  circular  polarization,  several 
objectives  must  be  taken  into  account.  Each  objective  has  design  prob¬ 
lems  associated  with  it.  The  objectives  are  discussed  individually  in 
this  section.  The  latter  part  of  this  section  summarizes  the  conclusions 
reached,  and  outline  the  approach  to  the  antenna-feed  desigri. 

1.  Performance  objectives  -  It  is  intended  that  the  rapid  tunability 
feature  of  the  basic  equipment  be  preserved.  This  means  that  the  feed 
system  derived  must  have  the  capability  of  providing  raini  cluttet  can¬ 
cellation  over  the  operating  1250  to  1350  Me  frequency  band  without 
adjustment. 

It  is  desired  that  a  1  db  axial  ratio  be  maintained  in  order  to  achieve 
an  integrated  cancellation  ratio  of  approximately  20  db.  As  will  be 
indicated  in  more  detail  later,  it  is  expected  that  this  axial  ratio  can 
only  be  maintained  within  the  3  db  points  of  the  antenna  pattern  in  either 
the  azimuth  or  elevation  planes.  It  is  expected  that  the  cancellation 
ratio  will  drop  to  10  db  in  the  higher  coverage  area  of  the  csc^  pattern. 

A  further  objective  is  to  preserve,  as  nearly  as  possible,  the  present 
high  angle  coverage  characteristics  of  the  Type  II  antenna  when  switched 
to  the  linearly  polarized  condition. 

The  power  handling  capability  of  1. 4  megawatts  peak,  2  kw  average  at 
10,  000  ft  altitude  must  be  preserved. 

The  added  size,  weight,  and  complexity  must  be  kept  at  an  absolute 
minimum  in  order  to  maintain  a  low  moment  of  inertia  for  the  antenna 
and  a  maximum  transport  and  erection  capability. 
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The  antenna  polarization  characteristics  are  to  be  remotely  controlled 
with  a  switchover  time  of  approximately  one  second.  The  antenna  is  to 
provide  an  integrated  IFF  capability. 

2.  Configuration  -  Referring  to  Figure  2-12  it  will  be  noted  that 
the  system,  to  accomplish  the  switchable  polarization,  consists  of  an 
arrangement  very  similar  to  that  used  on  the  Type  I  antenna,  but  in¬ 
cludes  also  a  modified  side-wall  hybrid  and  a  coaxial  connection  to  a 
dual  mode  transition  at  the  horn  input. 

The  hybrid  junction,  to  be  discussed  in  more  detail  later,  also  performs 
the  switching  function  such  that  in  one  position,  the  auxiliary  arm  is  cut 
off  and  horizontally  polarized  operation  is  obtained.  In  the  other  condi¬ 
tion,  the  hybrid  provides  the  necessary  equal  power  split  between  the 
orthogonal  components  feeding  the  dual  mode  transition,  as  well  as  the 
90°  time  phase  required  for  circular  polarization. 

As  indicated  later,  the  coaxial  link  is  so  designed  as  to  compensate  the 
waveguide  and  horn  dispersion  characteristics  to  maintain  the  objective 
of  1  db  axial  ratio  tolerance  of  circular  radiation. 

Shown  in  the  figure  is  one  of  two  possible  approaches  for  IFF  integra¬ 
tion.  The  method  shown  employs  the  vertical  mode  transition  of  the 
search  function  and  the  IFF  is  introduced  via  a  filter-plexing  arrange¬ 
ment  which  isolates  the  IFF  transmitter-receiver  from  the  search  sys¬ 
tem. 

Of  the  many  methods  examined  to  solve  this  conversion  problem,  the 
configuration  shown  is  the  smallest  and  lightest,  and  has  at  least  as 
good  a  potential  for  electrical  performance  as  the  others  considered. 
Techniques  which  were  considered  included  multiple  horns,  other 
switching  arrangements,  turnstile  waveguide  junctions,  etc. 
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Figure  2-12,  AN/TPS-35  circular  polarization  feedhorn 


The  following  paragraphs  deal  with  each  component  in  detail, 
b.  Horn  Design  Considerations 

Because  it  is  recognized  that  the  elevation  coverage  pattern  of  the  Type 
II  antenna  is  a  function  of  many  second  order  effects  which  were  of  neces¬ 
sity  derived  empirically,  it  is  suggested  that  the  basic  horn  aperture  re¬ 
main  as  it  is  for  the  horizontally  polarized  component.  It  is  suggested, 
however,  to  change  from  the  present  hog  horn  configuration  to  a  sectoral 
horn  in  order  to  accommodate  the  bipolarized  radiation  when  required. 

The  IFF  dipole  (now  placed  in  the  horn  opening)  should  be  removed, 
since  under  the  bi-polarized  condition  it  will  couple  directly  to  the  verti¬ 
cal  component.  The  method  of  handling  the  IFF  injection  is  detailed  in 
a  later  paragraph. 

The  input  to  this  sectoral  horn  will  include  a  dual  mode  transistion, 
hence  will  be  square.  The  horizontal  component  will  be  a  waveguide 
input  arranged  in  much  the  same  manner  as  the  present  Type  I  antenna. 
The  vertical  component  will  be  coaxial  employing  standard  1-5/8  inch 
air  dielectric  line. 

In  order  to  obtain  the  tight  axial  ratio  of  1  db  on  circularity,  it  is  neces¬ 
sary  that  the  two  orthogonal  components  illuminate  the  reflector  with 
nearly  equal  functions.  A  simple  sectoral  horn  will  not  do  this  without 
modification.  It  is  suggested  that  the  primary  illumination  be  equalized 
by  the  use  of  fins,  both  azimuth  and  elevation.  A  25  percent  correction 
is  required  in  the  elevation  plane,  and  an  8  percent  correction  is  re¬ 
quired  in  azimuth.  The  fins  inside  the  horn  aperture  at  the  top  and  bot¬ 
tom  will,  therefore,  be  approximately  2  inches  high,  those  at  either 
side  will  be  approximately  3/8  inch  high.  . 

A  horn  which  is  not  square  (or  round)  is  electrically  longer  for  one  of 
the  orthogonal  components  than  the  other.  Furthermore,  because  is 
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not  a  linear  function  with  Xq  there  is  dispersion  over  the  operating  fre¬ 
quency  band.  For  the  configuration  proposed,  the  difference  in  path 
lengths  is  approximately  97°  at  1250  Me,  and  121°  at  1350  Me,  showing 
that  a  correction  of  24°  must  be  accomplished  for  proper  phase  tracking, 
This  compensation  will  be  designed  into  the  coaxial  link  connecting  the 
hybrid  junction  to  the  dual  mode  transducer. 

c.  Coaxial  Feed  Line  for  Vertical  Component 

In  the  interest  of  minimizing  added  weight  on  the  feed  complex,  it  is 
recommended  that  1-5/8-inch  air  dielectric  coaxial  line  be  used  to 
link  the  vertical  component  of  the  orthogonal  pair  from  the  hybrid- 
switch  to  the  dual  mode  horn  input. 

Because  this  link  operates  at  half  the  transmitter  power  only,  the  maxi¬ 
mum  voltage  gradient  experienced  in  the  line  is  8.  65  kv/cm,  compared 
to  a  maximum  theoretical  of  30.  0  kv/cm  at  sea  level.  At  10,  000  feet 
altitude,  the  theoretical  maximum  drops  to  approximately  30/ ^Jz  kv/cm 
or  21.2  kv/cm.  The  selection  of  1-5/8-inch  coaxial  size  should,  there¬ 
fore,  provide  ample  safety  factor  from  a  breakdown  point  of  view. 
Average  power  capability  is  likewise  ample.  The  peak  power  computa¬ 
tions  assume  unity  VSWR;  however,  this  must  be  controlled  to  values 
of  around  1.  1  (5%  increase)  if  the  phase  control  required  to  meet  the 
circular  polarization  tolerances  are  held. 

The  crucial  question  regarding  the  arrangement  for  feeding  the  horn  in¬ 
volves  the  relative  phase  and  amplitude  control  which  can  be  maintained 
between  the  waveguide  and  coaxial  paths  which  generate  the  orthogonal 
components.  A  1  db  axial  ratio  requires  that  a  maximum  phase  error 
of  8°  be  held  over  the  frequency  band  assuming  perfect  amplitude  split. 

As  mentioned  earlier,  the  horn  introduces  a  phase  slope  difference  over 
the  band  of  approximately  24°.  The  waveguide  path  length  change  is 


approximately  195°  over  the  8  percent  band.  The  total  phase  slope  to  be 
incorporated  into  the  coaxial  link  is  the  sum  of  these,  thus  fixing  its 
length  at  around  5  feet.  The  non-linearity  of  phase  slope  in  the  wave¬ 
guide  section  amounts  to  some  3.  5°  total  over  the  band,  hence  this  ±1. 75° 
tolerance  is  not  compensated.  However,  since  this  is  a  small  number, 
it  wijl  be  accepted  as  a  fixed  system  error. 

The  success  of  the  design  will  be  dependent  upon  the  degree  to  which 
differential  reactive  mismatches  can  be  controlled.  A  VSWR  of  1. 2  can 
provide  as  much  as  7°  electrical  length  error,  hence  each  of  the  several 
junctions  involved  in  either  path  of  the  orthogonal  components  must  re¬ 
ceive  careful  design  attention.  Though  difficult,  it  is  believed  that  the 
necessary  control  can  be  obtained  in  practice. 

Regarding  the  amplitude  balance  necessary  for  good  circularity  of  radia¬ 
tion,  there  are  two  major  contributors  to  error.  The  hybrid  balance 
will  have  to  be  maintained  at  3  db±0. 1  over  this  band.  Based  on  past 
experience  of  measurements  made  on  side-wall  couplers  at  various  fre¬ 
quency  bands,  such  a  tolerance  is  readily  achievable.  The  other  contri¬ 
butor  is  the  coaxial  link  loss  as  compared  to  the  waveguide  path.  This 
difference  is  calculated  to  be  0.  04  db.  Combining  these  amplitude  error 
factors,  a  0.  24  db  social  ratio  would  be  indicated.  This  is  not  considered 
an  excessive  contribution. 

d.  Hybrid  -  Switch 

Development  in  other  frequency  bands  has  produced  a  combination  hybrid- 
switch  which  operates  by  closing  the  coupling  area  with  four  inductive 
posts.  With  the  posts  inserted  across  the  opening,  a  20  db  isolation  of 
the  auxiliary  arm  is  obtained.  Withdrawing  the  posts  returns  the  hybrid 
to  its  normal  function. 


This  technique  is  attractive  for  this  application,  since  much  size  and 
weight  are  saved  over  more  conventional  techniques  such  as  polarization 
twisters  with  vertibrae  sections,  or  the  moving  of  shorting  plates  of 
turnstile  junctions.  For  the  power  levels  involved  here,  the  posts  will 
move  in  RF  choke  sections  to  minimize  driving  power  and  provide  best 
reliability. 

e.  Integrated  IFF  Capability 

Since  it  is  no  longer  feasible  to  place  an  IFF  dipole  in  the  horn  because 
of  the  direct  coupling  to  the  vertical  search  component,  several  other 
techniques  were  analyzed,  with  the  conclusion  that  the  vertical  polari¬ 
zation  transducer  of  the  basic  search  feed  must  also  serve  the  IFF  needs. 

Placing  dipole  arrays  at  either  side  of  the  search  horn  gives  excessive 
spacing  between  the  dipole  elements  and  results  in  a  gain  reduction  of 
approximately  6  db  on  axis  with  a  considerably  widened  azimuth  beam. 

In  effect,  the  IFF  beam  is  split.  This  occurs  even  with  small,  heavily 
loaded  horns  in  a  configuration  such  as  that  used  on  BMEWS  and  TRADEX 
tracking  radar  feeds. 

If  the  IFF  injection  were  made  in  the  fourth  port  of  the  power  dividing 
hybrid,  satisfactory  operation  and  good  isolation  would  be  achieved, 
except  that  when  the  radar  is  set  up  for  circular  polarization,  a  3  db 
gain  reduction  would  be  expected.  If  this  3  db  loss  could  be'tolerated*. 
this  would  be  the  preferred  approach. 

The  last  alternative  is  to  inject  the  IFF  through  high  power  low  pass 
filters  directly  into  the  search  coaxial  line  link.  The  problem  here  is 
one  of  designing  a  filter  which  will  handle  the  search  power  without 
breakdown.  This  is  believed  feasible,  but  adds  more  weight  than  the 
method  described  above.  There  would  be  no  degradation  in  antenna 
gain.  It  is;  this  method  that  is  pictured  in  Figure  2-12. 
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f.  Axial  Ratio  VS  Elevation  Coverage  Angle 

As  stated  earlier,  it  is  not  anticipated  that  the  horizontally  polarized 
coverage  will  change  appreciably  from  that  currently  provided  by  the 
Type  II  AN/UPS- 1  antenna.  Such  is  not  the  case  with  the  vertical  com¬ 
ponent  when  the  antenna  is  set  up  for  circular  polarization. 

Because  the  fixed  lines  radiated  from  a  horn  lie  on  the  surface  of  a 
sphere  and  coverage  at  the  poles  of  that  sphere,  polarization  lines  which 
are  orthogonal  on  the  horn  axis  depart  from  this  condition  significantly 
as  a  function  of  the  off-axis  angle.  Now,  since  the  high  angle  coverage 
of  the  antenna  is  furnished  largely  by  a  distorted  portion  of  the  reflec¬ 
tor  near  its  bottom  edge  where  the  polarizations  are  no  longer  perpen¬ 
dicular,  it  does  not  appear  feasible  to  expect  1  db  axial  ratio  in  both  the 
long  range  portion  of  the  beam  and  at  the  high  coverage  angles.  Since 
it  is  planned  to  optimize  this  circularity  for  the  long  range,  lower  cover¬ 
age  angles.it  is  anticipated  that  the  integrated  cancellation  will  drop  to 
around  10  db  outside  the  -3  db  points  of  the  beam.  Such  performance 
has  been  verified  experimentally  on  other  full  coverage  (esc  )  antennas 
which  were  equipped  to  provide  circular  polarization. 

Because  of  the  relatively  small  size  of  the  vertical  antenna  aperture 
(in  terms  of  wavelengths),  it  is  not  believed  feasible  to  quantitatively 
derive  an  accurate  prediction  of  the  high  angle  axial  ratio  analytically. 

C.  Mechanical  Discussion 

The  antenna  reflector  is  comprised  of  three  (3)  sections  (center  and  two 
tips),  and  is  constructed  from  extruded  aluminum  to  obtain  light  weight. 
Tubular  construction  is  provided  for  antenna  reflection  support  and 
rigidity. 


a.  Feed  Horn 


(1)  The  feed  horn  and  associated  waveguide,  as  shown  in  Figure  2-12 
should  be  fabricated  from  rigid,  L>-band,  aluminum  waveguide. 
The  interface  waveguide  will  consist  of  a  flexible  section. 

(2)  For  conversion  to  circular  polarization  capabilities,  a  run  of 
rigid  1-5/8  inch  coax  and  filter  should  be  utilized. 

b.  Feed  Horn  Support 

The  feed  horn  support  should  consist  of  a  tubular  aluminum  welded  frame 
similar  to  that  shown  in  Figure  2-12.  The  four-stud  interface  connec¬ 
tion  will  be  compatible  to  the  production  pedestal. 

c.  Combined  Weight 

The  feed  horn  and  feed  horn  support  should  be  light  weight,  about  60  lbs, 
and  increase  the  antenna's  inertia  about  the  azimuth  axis  by  approxi¬ 
mately  10  percent.  This  increase  in  inertia  will  not  affect  the  system 
servo.  The  servo  amplifiers  are  sufficient  to  handle  the  increased  in¬ 
ertia, 

d.  Switch  Unit  (Hybrid) 

The  switch  unit,  located  on  the  feed  horn,  should  be  used  to  produce  the 
circular  polarization  capability.  The  unit  consists  of  a  series  of  chokes 
and  remotely  controlled  retractible  rods.  The  retracting  rods  would  be 
actuated  by  means  of  a  worm  drive  and  small  electric  motor.  The  switch 
unit  could  be  located  as  shown  in  Figure  2-12. 

D.  Maintainability  and  Serviceability 

The  antenna  reflector  surface  may  be  dismounted  into  three  sections, 
the  center  section  and  two  tip  sections.  The  horn  and  feed  assembly  is 
stud-mounted  to  the  rotating  portion  of  the  antenna  pedestal,  thus  pro¬ 
viding  ease  in  dismounting.  An  IFF  and  radar  rotating  joint  is  also  pro¬ 
vided  in  the  pedestal  for  RF  transmission. 


For  C130A  aircraft  transport  condition,  the  antenna  will  be  carried  in 
two  lightweight  tubular  structures. 

The  reflector  tip  sections  could  be  stowed  in  a  modified  existing  type  II 
tower.  The  approximate  case  size  with  stowed  tips  would  be  92  by  68  by 
68  inches.  The  type  II  tower  could  be  stripped  of  all  unnecessary  mech¬ 
anical  features  such  as  shock  mounts,  blower  motors,  guides  for  elec¬ 
tronic  boxes,  and  hardware  not  required  for  tip  stowage.  The  towers 
should  be  altered  to  permit  fork  lift  handling  of  the  unit.  Approximate 
shipping  weight  would  be  42  pounds  per  tip  section  and  140  pounds  per 
case  for  a  total  of  224  pounds. 

The  antenna  center  section,  antenna  support,  feed  horn  assembly,  and 
miscellaneous  hardware  could  be  stowed  in  a  modified  existing  type 
R-F  case.  The  approximate  case  size,  fully  equipped,  would  be  80  by 
60  by  58  inches  with  an  estimated  weight  of  280  pounds.  The  R-F  case 
also  should  be  modified  to  permit  fork  lift  handling  of  the  unit. 

Overall  dimensions  of  the  cases  are  within  the  space  limits  established 
for  truck  transport,  C130A  transport  mode,  and  for  mounting  on  the 
specified  pallet  (436L  cargo  handling). 

2.3  CALCULATION  OF  EXPECTED  PERFORMANCE 

2.3.1  FUNCTION 

The  function  of  the  radar  portion  of  the  AN/ TPS- 35  is  to  provide  two- 
dimensional,  aircraft  present  position  data  on  small  cross-section  air¬ 
craft  at  ranges  normally  up  to  80  nautical  miles  with  provision  for  data 
upon  command  up  to  275  nautical  miles.  This  must  be  accomplished  in 
search  mode  in  the  presence  of  weather  clutter  and  friendly  and  enemy 


interference.  In  addition,  the  radar  must  operate  in  confined  quarters, 
compatibly  with  IFF/SI F  and  miscellaneous  communications  equipment. 
These  functions  must  be  achieved  by  an  equipment  which  is  light  in 
weight,  long  in  mission  availability  time  and  easily  maintained.  It 
must  also,  in  spite  of  the  confined  quarters,  contribute  to  an  operator 
environment  which  encourages  his  continuing  efficiency.  This  environ¬ 
ment  is  especially  important  for  those  missions  where  the  AN/TPS-35 
might  be  separately  deployed  in  an  emergency  situation.  Normally, 
the  AN/TPS-35  must  provide  its  data  via  microwave  link  or  land  line, 
and  under  remote  control,  to  the  RAPCON  of  the  AN/TSQ-47. 

2.  3.  2  SUMMARY  OF  RADAR  PARAMETERS 

The  important  parameters  of  the  radar  required  to  perform  the  above 
function  are  listed  in  Table  2-2. 


Table  2-2. 

Important  Parameters  of  Surveillance  Radar 


F  requency 
Antenna  gain 

Antenna  Horizontal  Beam  width 
Antenna  vertical  beam  shape 

Antenna  horizontal  side  lobes 
Radiated  polarization 

RF  power  output,  peak 
PRF/pulse  width 

System  noise  figure 

Receiver  bandwidth 


1250  to  1350  Me 

27  db 

3.7° 

Closely  esc2  to  36°  and  approxi¬ 
mately  to  42° 

25  db  down 

Horizontal  or  circular  at  operator's 
option 

1  megawatt 

800  pps/l.4  psec  or  267  pps/4.  2 
Usee  at  operator's  option 

3.  5  db  max.  (with  par  amp) 

9.  0  db  max.  (crystal  backup) 

1. 0  Me  (short-range  mode) 

330  kc  (long-range  mode) 

30  db  SCV 

0  to  15  rpm  or  servo'd  searchlight 
10-inch  PPI  and  3-inch  A  scope 


MTI  performance 
Antenna  scan  rate 
Displays 


2.3.3  PERFOR  MANC  E  E  N V  E  LOPE 


The  production  radar  components  forming  the  core  of  the  recommended 
radar  has  undergone  flight  tests  of  sufficient  extent  to  confirm  its  pre¬ 
dicted  coverage  performance.  Additionally,  the  tests  have  demonstrated 
capability  to  meet  the  stringent  coverage  specifications  on  the  AN/TPS-35. 
Figure  2-13  is  a  reproduction  of  measured  coverage  performance  upon 
which  is  super-imposed  a  dashed  line  describing  the  coverage  that  is 
expected  of  the  AN/TPS-35  at  a  typical  site.  Table  2-3  and  the  text 
following  it  are  presented  to  enable  comparison  between  predicted  (cal¬ 
culated)  and  measured  maximum  range  performance. 

Calculation  of  range  performance  is  detailed  in  Table  2-3.  The  method 
used  is  that  of  L.  V.  Blake  as  set  forth  in  NRL  Memorandum  Report  No. 
1106  with  the  following  modifications: 

(a)  Collapsing  loss  was  calculated  from  Hall's  article  in  Proc. 

IRE,  February  1956,  using  1  mil  spot  diameter  and  lOunch  PPI. 

(b)  Conversion  to  0.  9  detection  probability  was  estimated  from 
Hall's  article,  using  false  alarm  probability  equals  10-10. 

(c)  Number  of  hits  per  beamwidth  (N)  are 

N  - 

6  cos  9  rpm 

where 

9  h  =  horizontal  antenna  beamwidth  =  3.  7° 

PRF  =  267  pps 

Cos  9  =  where  9  -  target  elevation 
=  0.99 

rpm  =  antenna  azimuth  scan  rate 
=  6  rpm 


(J.333  30  SQNVSnOHX)  1H0I3H 
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Table  2-3.  TPS- 35  radar  range  calibration 


Antenna  Height  =  15  feet 

Target  Elevation  Angle  =  1.0° 

Pt  (KW) 

_ 

1000 

+  DB 

30.  0 

-  DB 

T  (jxsec) 

= 

4.  2  fxsec 

6.  2 

Gt 

= 

27  DB 

27.  0 

Gr 

= 

27  DB 

27.0 

CT50 

= 

1  square  meter 

0.0 

f 

= 

1300  Me  . 

62.  3 

me 

T 

500  K 

27.0 

n 

V  (50) 

= 

27  hits 

1.4 

= 

1 

- 

- 

Lit 

= 

0.  25  DB 

0.  25 

Lr 

= 

0.  3  DB 

0.  3 

Lp 

= 

1.6  DB 

1.6 

Lo 

S 

3.  0  DB 

3.0 

IJ 

2-65 

11 


4.45 


Range  Equation  Constant 


Ta  =  130°  for  antenna 

94.65  Sub-Totals  -95.85 

elevation 

+94.65 

Lr  =  0.300  (0.933  for 

0.  90  probability  of  -  1.  20 

1/Lr) 

detection  correction  -  1.00 

l/ Lr  =  0-933 

factor  -  2.  20 

NFdb  =  3.5DB 

Tt  =  290°K 

R^  =  88.  1  naut.  miles 

1 J  Lr  =  121°K 

Pattern  propagation  factor  =1.0 

Tr  =  19. 3°K 

Le  =  Atmospheric  Absorbtion 

loss  1. 2  DB  =  0.933 

Te  =  (T7F-1)  To  = 

Ro  =  88.  1  naut  miles  x  0.  933 

(2. 24-1) 

=  82.  2  naut  miles 

290  =  360°K 

Tn  =  Te/Lr+Tr+Te 

=  l21°+19.3°+360° 

=  500°K 

The  predicted  range  of  82.  2  miles  at  the  bottom  of  Table  2.-3  decreases 
to  73.7-miles  when  the  1.4  |±sec  pulse  width  mode  is  recalculated.  Sine 
no  pattern  propagation  correction  was  used  in  the  table  to  account  for 
ground  reflections,  these  figures  are  the  "free  space"  range  on  a  one 
square  meter  target.  If  we  were  to  assume  perfect  surface  reflection, 
the  above  figures  would  become  approximately  double,  or  165  and  150 
miles  respectively. 


It  is  evident  from  a  comparison  that  measured  performance  consider¬ 
ably  exceeds  calculated  performance.  The  principle  factor  in  this  ap¬ 
parent  discrepancy  is  that  the  frequency,  antenna  elevation  beamwidth, 
and  antenna  height  combine  to  provide  ground  lobing.  Much  of  the  flight 
test  data  was  taken  over  water,  where  measured  radar  coverage  would 
be  close  to  double  that  calculated  on  the  "free-space"  basis.  Other  fac¬ 
tors  which  probably  introduce  discrepancy  between  the  measured  and 
calculated  range  performance  include: 


(a)  Target  size  -  There  is  no  assurance  that  the  aircraft  used  for 
test  (although  they  were  all  small  fighter  aircraft  types)  were 
one  square  meter  targets.  In  fact,  there  is  reason  to  believe 
they  are  larger  at  this  frequency. 

(b)  Antenna  gain,  receiver  sensitivity,  and  transmitter  power 
output  -  In  all  these  parameters  the  performance  of  the  radar 
exceeded  the  nominal  values  used  in  the  calculation.  In  total, 
actual  performance  of  these  units  probably  exceeded  the  values 
in  the  calculation  by  3  to  4  db  (one  way)  at  the  particular  fre¬ 
quency  in  use. 

Although  it  is  difficult  to  identify  with  precision  all  of  the  factors  which 
explain  the  discrepancy,  it  is  safe  to  say  that  the  measured  performance 
is  typical  of  what  can  be  expected  on  century- series  aircraft,  since 
these  data  were  taken  over  a  considerable  time  with  a  variety  of  air¬ 
craft. 

2.  3.  5  The  minimum  discernible  signal  requirement.  Measurements 
on  development  models  of  the  parametric  amplifier  have  consistently 
demonstrated  MDS  of  111  dbm  or  better.  When  one  consideres  the 
operator  factor  for  MDS  measurements  is  about  ±2  db,  this  is  in  good 
agreement  with  the  following  calculated  value: 

A.  .  .  Calculation  of  Minimum  Discernible  Signal  (M.  D.  S. ) 

Thermal  Noise  .=  KTB 

-23 

K  =  Boltzinan's  constant  =  1.38  x  10 
T  =  Degrees  Kelvin  =  290° 

Bn  =  equivalent  system  noise  bandwidth 

The  noise  bandwidth  of  a  receiver  system  differs  from  the  measured 
3  DB  bandwidth  by  a  factor  that  is  dependent  upon  the  shape  of  the 
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bandwidth  determining  network  or  filter.  The  factor  varies  from  1.  57 
times  the  3  DB  bandwidth  for  a  simple  synchronously-tuned  circuit  to 
1.0  for  a  true  rectangular  filter.  The  band  pass  filters  in  the  TPS-35 
radar  have  a  factor  of  1.  1  for  the  wide  band  (1.0  Me)  filter  and  1. 22  for 
the  narrow  band  filter  (0.  33  Me). 


For  narrow  band  (long  range)  operation,  the  MDS  is  calculated: 


(Narrow- Band  -  Long  Range) 


KTB  s 
n 


1.38  x  10"23  x  290  x  0.33  x  106  x  1.22 
10-$ 


=  1.61  x  10  *2  milliwatts 
=  117.8  DBM 
Noise  Figure  =3.5  DB 

(with  parametric  amplifier)  =  -117.8  +  3.5 

=  -114.3  DBM. 

In  the  required  backup  mode,  where  the  parametric  amplifier  is  by¬ 
passed  by  an  L-band  mixer  the  MDS  is  calculated: 

Noise  Figure  =9-0  DB 

MDS  (no  parametric  amplifier)  =  -114.3  DBM  +  9.0  DB 

=  -108.  8  DBM. 

By  similar  calculations  the  MDS  figures  in  the  wide  band  mode  (short 
range)  are 

With  parametric  amplifier  -  110  dbm 
With  L-band  mixer  -  104.  5  dbm 
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The  azimuth  accuracy  of  the  recommended  radar  will  be  within  plus  or 
minus  one  degree.  The  major  factors  contributing  to  the  azimuth  error 
of  the  proposed  design  are 

(a)  Pedestal  resolver  error 

(b)  Resolution  error. 

Factor  (a)  is  very  small  (nominally  0,  3°)  at  10:1  speed  and  factor  (b) 
is  typically  one  tenth  the  azimuth  resolution  element  (azimuth  beam- 

width  *  3,7  ±0.  3),  or - j-g — ' —  =  0.  34  to  0.  41°.  Thus,  the  azimuth 

accuracy,  is  nominally  complied  with. 


SECTION  3 


MICROWAVE  REMOTING  SYSTEM 

The  contractor  was  given  the  responsibility  for  determining  the  require¬ 
ments  for  remoting  the  functions  of  the  search  radar  and  the  precision 
approach  radar  (PAR)  by  separate  microwave  links  to  the  IFR  control 
center.  It  was  first  necessary  to  determine  the  signals  to  be  remoted 
and  the  performance  requirements  for  remoting  the  signals.  This  was 
accomplished  and  reported  in  a  previous  report  (AFCRL  500);  however, 
additional  signals  have  been  added  and  the  performance  requirements 
are  listed  again.  In  order  to  avoid  confusion,  the  microwave  link  be¬ 
tween  the  search  radar  and  the  IFR  control  center  is  referred  to  as  the 
IFR-search  radar  link,  and  the  microwave  link  between  the  precision 
approach  radar  (PAR)  and  the  IFR  control  center  is  referred  to  as  the 
IFR-PAR  microwave  link.  A  microwave  link  is  understood  to  mean 
the  transmission  and  reception  of  one  or  more  microwave  channels  iii 
each  direction  between  the  control  center  and  the  respective  radar. 

3.  1  REMOTING  REQUIREMENTS 

The  remoting  requirements  of  the  IFR-search  microwave  link  are  listed 
in  Table  3-1,  and  the  remoting  requirements  of  the  IFR-PAR  microwave 
link  are  listed  in  Table  3-2.  Transmission  from  the  radar  set  to  the 
IFR  control  center  is  listed  in  Section  A  of  each  table,  and  transmission 
from  the  control  center  to  the  radar  is  listed  in  Section  B  of  each  table. 
The  maximum  required  radio  line  of  sight  separation  for  the  microwave 
terminals  of  each  link  is  15  miles  for  the  IFR -Search  link  and  5  miles 
for  the  IFR-PAR  link. 


Table  3-1.  Requirements  of  IFR- search  microwave  link 
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3.2  GENERAL  DISCUSSION  OF  EQUIPMENT  REQUIRED 

Each  microwave  link  will  consist  of  two  terminals,  one  at  each  end  of 
the  link.  For  the  IFR- search  link,  the  terminal  at  the  search  radar 
will  be  designated  as  the  search  terminal,  and  the  terminal  at  the  IFR 
center  will  be  designated  as  the  IFR-search  terminal.  For  the  IFR-PAR 
link,  the  terminal  at  the  precision  approach  radar  will  be  designated  as 
the  PAR  terminal  and  the  terminal  at  the  IFR  center  will  be  designated 
as  the  IFR-PAR  terminal. 

The  microwave  link  consists  of  microwave  channels  in  each  direction. 
Each  microwave  channel  is  transmitted  from  one  terminal  via  a  fm 
microwave  transmitter,  and  is  received  at  the  opposite  terminal  via 
a  companion  receiver  operating  on  the  same  frequency.  One  parabolic 
antenna  is  used  at  each  terminal  for  simultaneous  transmission  and 
reception.  Several  types  of  data  may  be  simultaneously  transmitted 
over  a  given  microwave  channel  by  frequency  or  time  multiplexing 
the  signals  on  the  video  baseband. 

Radar  video  and  trigger  data  is  combined  by  a  video,  trigger  (VT) 
multiplexer;  or  a  video,  video,  trigger  (VVT)  multiplexer  for 
modulation  of  the  microwave  transmitter.  The  VT  multiplexer 
utilizes  a  combination  of  polarity  and  time  multiplexing,  and  the  VVT 
multiplexer  uses  the  same  method  plus  frequency  multiplexing  of  the 
second  video  channel.  At  the  opposite  terminal,  the  output  of  the 
microwave  receiver  is  applied  to  compatible  demultiplex  equipment 
which  separates  the  radar  video  and  trigger. 

Additional  frequency  multiplexing  is  accomplished  by  subcarrier 
transmitters  which  are  frequency  modulated  by  various  data  signals. 

The  subcarrier  transmitters  are  assigned  specific  frequencies 
(within  the  video  baseband)  and  the  output  modulates  the  microwave 
transmitter.  At  the  opposite  terminal  a  subcarrier  receiver  assigned 
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to  the  same  frequency  band  separates  the  desired  subcarrier  signal 
from  the  other  multiplexed  signals  present  at  the  output  of  the 
microwave  receiver.  The  output  of  the  subcarrier  receiver  is  applied 
to  the  appropriate  equipment  for  further  processing. 

Still  further  frequency  multiplexing  is  employed  for  two  and  three 
state  dc  control  signals  by  converting  them  to  audio  tones  on  different 
frequencies.  These  tones  are  combined  and  used  to  modulate  an  fm 
subcarrier  transmitter.  At  the  receiving  end,  the  output  of  the 
companion  subcarrier  receiver  is  applied  to  the  appropriate  tone 
(voice  frequency  carrier)  demultiplex  equipment.  Time  multiplexing 
may  be  employed  in  place  of  frequency  multiplexing  for  the  control 
signals  by  utilizing  sequential  scanning  equipment. 

In  addition  to  the  multiplex  equipment  required  for  combining  several 
signals  on  one  microwave  channel,  additional  equipment  is  required 
for  converting  some  signals  into  a  form  suitable  for  transmission  via 
subcarrier  channels,  and/or  for  reconversion  at  the  opposite  terminal. 
This  equipment  is  as  follows:  Gate  converter  and  gate  generator  for 
gate  signals  (switched  dc  levels).  Analog  data  transmitter  and  analog 
data  receiver  for  PAR  elevation  and  azimuth  antenna  data  (continuously 
variable  dc  levels).  Electronic  control  amplifier  and  synchro  assembly 
for  search  radar  antenna  azimuth  data. 

A  power  distribution  panel  is  required  at  each  terminal  for  protection 
and  distribution  of  primary  power.  Separate  power  supplies  for  the 
rf  equipment  (microwave  receivers  and  transmitters)  and  the  multiplex 
equipment  are  also  required. 

A  monitor  panel  is  necessary  for  monitoring,  transferring,  or  termina¬ 
ting  the  composite  signal  to  the  microwave  transmitter  or  from  the 
microwave  receiver.  For  voice  communications  between  terminals,  an 
order  wire  unit  is  needed. 


For  installation  of  the  equipment  in  shelters,  standard  19-inch  equip¬ 
ment  racks  are  required. 

3.3  POTENTIALLY  APPLICABLE  MICROWAVE  EQUIPMENT 


A  discussion  of  the  survey  of  potentially  applicable  microwave  equip¬ 
ments  was  contained  in  the  previous  report  (AFCRL  500).  Of  the  14 
potential  suppliers  contacted,  three  were  determined  to  have  appli¬ 
cable  microwave  equipment.  These  were  Collins,  Motorola,  and 
Raytheon.  The  relative  advantages  and  disadvantages  of  the  equipment 
from  the  three  suppliers  are  summarized  below: 


Microwave 

Manufacturer  Advantages 

Collins  a.  Equipment  is  lightest  a.  Does  not  meet 

of  three.  Uses  alum-  military  specifica- 

inum  chassis  and  racks.  tions.  This  is  es¬ 

pecially  true  of 
mechanical  struc¬ 
ture. 

b.  Requires  least  rack  b.  Units  are  not  at- 

space.  tached  to  rack  at 

center  of  gravity. 

c.  Least  expensive 

d.  Majority  of  units  are 
hinged  on  one  side  and 
can  be  swung  out  from 
rack  for  ease  of  main¬ 
tenance 

e.  Can  be  provided  with 
10  me  video  bandwidth. 

Motorola  a.  Designed  to  meet  mili-  a.  Weighs  approxi- 

tary  specifications.  mately  25%  more 

than  Collins  equip¬ 
ment.  Also  may 
require  10-25% 
more  rack  space. 


Disadvantage  s 


Microwave 

Manufacturer 

Motorola 

(continued) 


Raytheon 


Advantages 

b.  Supports  for  holding 
equipment  in  rack  are 
attached  to  chassis  at 
center  of  gravity. 


a.  Can  be  provided  with 
1  5  me  video  bandwidth 


b.  Microwave  receivers 
and  transmitters  have 
internal  power  supplies. 
This  should  improve 
reliability.  RF  equip, 
of  other  two  manufac¬ 
turers  operates  from 
common  power  supply 
and  failure  would  cause 
all  channels  of  a  given 
microwave  terminal  to 
be  inoperative. 

c.  Transmitters  have  1 
watt  output  which  is  10 
to  13  db  more  than  that 
of  other  two  manufac¬ 
turers. 


Disadvantages 

b.  Units  are  bolted  in 
rack  and  special 
pivoted  rack  is  re¬ 
quired  in  order  to 
allow  equipment  to 
be  swung  out  for 
maintenance . 

c.  Max.  video  band¬ 
width  is  7.  5  Me. 

a.  Does  not  meet 
military  specifica¬ 
tions  . 

b.  Approximately  twice 
as  heavy  as  Collins 
equipment  and  re¬ 
quires  twice  as  much 
rack  space. 


c.  Requires  external 
waveguide  plumbing 
for  diplexing.  This 
is  not  required  by 
the  equipment  of  the 
other  two  manufac¬ 
turers. 

d.  Individual  units  do 
not  swing  out  from 
racks,  and  avail¬ 
ability  of  pivoted 
racks  was  not  men¬ 
tioned,  but  could 
probably  be  designed. 
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3.4  DETAILED  DESCRIPTION  OF  EQUIPMENT  SELECTED 


After  comparing  the  microwave  equipment  from  the  three  manufacturers 
and  evaluating  the  characteristics  against  the  requirements  of  project 
A4W,  CSL  decided  that  microwave  equipment  meeting  military  specifi¬ 
cations  was  the  most  desirable.  This  resulted  in  a  decision  to  specify 
equipment  similar  to  that  of  the  AN/GRQ-6  which  is  a  radar  data  trans¬ 
fer  (microwave)  system  being  manufactured  for  the  Air  Force  by 
Motorola. 

After  determining  the  manufacturer,  it  was  then  possible  to  select  the 
type  and  quantity  of  equipment  required  for  the  two  microwave  links. 
Table  3-3  is  a  list  of  the  equipment,  the  size  and  weight,  the  primary 
power  consumption,  and  the  quantity  required  at  each  location.  The  in¬ 
dividual  items  of  microwave  equipment  are  described  in  the  following 
paragraphs.  The  numbering  sequence  of  each  item  is  the  same  as  that 
in  Table  3-3: 

1 .  Microwave  Transmitter 

The  microwave  transmitter  is  utilized  to  transmit  radar  data, 
control,  and  voice  signals  as  required  to  the  microwave  re¬ 
ceiver  at  the  opposite  end  of  the  microwave  link.  The  signals 
are  multiplexed  on  the  transmitter  video  channel  by  means  of 
bipolar  multiplexing,  fm  subcarriers,  and  voice  frequency 
carriers  tones).  The  converted  signals  are  then  com¬ 

bined  and  utilized  to  frequency  modulate  the  microwave  trans¬ 
mitter.  The  transmitter  operates  in  the  7750  to  8400  Me  fre¬ 
quency  band  and  has  a  frequency  deviation  of  ±  3  Me  and  a 
nominal  video  bandwidth  from  20  cps  to  7.  5  Me  within  1 . 5  db. 
The  power  output  is  100  mw  nominal,  55  mw  minimum.  The 
outputs  of  several  transmitters  may  be  combined  for  simul¬ 
taneous  transmission  via  a  single  antenna,  provided  the  fre¬ 
quency  separation  between  adjacent  transmitters  is  not  less 


than  45  me.  The  transmitter  has  automatic  frequency  control 
which  is  referenced  to  a  cavity,  and  can  maintain  frequency 
within  ±0.01  percent.  An  alarm  transmitter  is  also  provided 
to  send  a  sensing  signal  on  the  video  band  at  7.  0  Me  to  enable 
monitoring  the  channel  for  failure  indication  at  the  opposite 
terminal. 

Microwave  Receiver 

The  Microwave  Receiver  converts,  amplifies  and  demodulates 
the  microwave  signal  from  a  companion  transmitter  at  the  op¬ 
posite  end  of  the  microwave  link.  The  receiver  output  is  applied 
to  appropriate  demultiplex  equipment.  The  receiver  operates 
in  the  7750  to  8400  Me  frequency  band  and  has  a  nominal  IF 
bandwidth  of  24  Me,  and  a  video  bandwidth  of  20  cps  to  7.  5  Me 
within  1.  5  db.  Automatic  frequency  control  (AFC)  is  employed 
by  the  receiver  to  lock  on  the  transmitter  frequency.  Pull-in 
range  of  the  AFC  is  ±10  Me.  The  noise  figure  of  the  microwave 
receiver  is  15  db.  An  alarm  receiver  is  included  to  sense  the 
7.0  Me  alarm  signal  and  provide  an  indication  of  channel  de¬ 
gradation  or  failure.  Simultaneous  reception  and  transmission 
via  a  single  antenna  can  be  accomplished  provided  receivers  are 
separated  from  adjacent  transmitters  by  more  than  90  Me. 

The  microwave  receivers  may  be  mounted  in  standard  racks  in 
the  same  manner  as  the  transmitters  and  may  be  coupled  to 
other  receivers  or  to  transmitters  by  internal  waveguide  sections 
identical  to  those  provided  for  coupling  the  transmitters. 

RF  Power  Supply 

The  RF  power  supply  provides  regulated  dc  voltages  for  opera¬ 
tion  of  the  microwave  transmitters  and  receivers.  A  total  of 
three  transmitters  or  receivers,  or  combinations  thereof  may 


be  operated  from  one  power  supply.  The  power  supply  mounts 
in  a  standard  19-inch  rack. 

Cooler,  Electrical  Equipment  (Blower) 

The  blower  is  provided  to  circulate  cooling  air  through  the 
microwave  transmitters  and  receivers.  The  blower  is  attached 
to  a  panel  which  mounts  in  a  standard  rack.  A  duct  is  attached 
on  one  side  of  the  rack  to  convey  the  air  to  the  transmitted s) 
and  receiver(s). 

Video,  Trigger  (VT)  Multiplexer 

The  VT  multiplexer  combines  the  video  and  trigger  signals  into 
a  composite  bipolar  video  signal  which  is  applied  to  the  micro- 
wave  transmitter.  The  video  is  transmitted  with  positive  polarity 
and  the  trigger  pulses  are  transmitted  with  negative  polarity. 

This  technique  enables  separation  of  the  video  and  trigger  at 
the  opposite  terminal.  The  trigger  occurs  ahead  of  the  video 
and  therefore  does  not  interfere.  Power  requirements  for  the 
VT  multiplexer  are  supplied  by  a  common  multiplexer  power 
supply  which  is  capable  of  supplying  several  multiplex  equipments. 

Video,  Video,  Trigger  (VVT)  Multiplexer 

The  VVT  multiplexer  combines  two  video  and  one  trigger  signal 
into  a  composite  signal  for  transmission  via  the  microwave 
transmitter.  One  video  signal  and  the  trigger  signal  are  com¬ 
bined  in  the  same  manner  as  with  the  VT  multiplexer  above,  and 
the  other  video  signal  amplitude  modulates  a  carrier  frequency 
which  is  above  the  frequency  of  the  video  band  of  the  composite 
bipolar  signal.  The  signals  are  combined  for  application  to  the 
microwave  transmitter.  Power  from  a  multiplexer  power  supply 
if  required. 
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7.  Video,  Trigger  (VT)  Demultiplexer 

The  VT  demultiplexer  receives  a  composite  signal  from  the 
microwave  receiver  and  filters  out  the  composite  video  and 
trigger  signal  which  is  then  converted  into  a  separate  video 
and  trigger  outputs.  Power  for  the  VT  demultiplexer  is  ob¬ 
tained  from  a  multiplex  power  supply. 

8.  Video,  Video,  Trigger  (VVT)  Demultiplexer 

The  VVT  demultiplexer  receives  a  composite  signal  from  the 
microwave  receiver  and  separates  the  bipolar  video  and  the 
amplitude  modulated  carrier  by  means  of  filters.  The  signals 
are  further  processed  and  supplied  as  separate  video,  video 
and  trigger  outputs.  The  VVT  demultiplexer  requires  power 
from  a  multiplex  power  supply. 

9.  Subcarrier  (SC)  Transmitter 

The  subcarrier  transmitter  is  used  to  superimpose  various  data 
on  the  video  baseband.  This  is  accomplished  by  modulating  the 
SC  transmitter  with  the  data  and  then  modulating  the  microwave 
transmitter  with  the  SC  transmitter.  The  SC  transmitter  is  fre¬ 
quency  modulated  and  the  center  frequency  can  be  set  anywhere 
within  the  microwave  video  baseband  except  at  the  lowest  fre¬ 
quencies.  Several  subcarrier  channels  may  be  combined  for 
transmission  over  a  single  microwave  channel  as  long  as  ade¬ 
quate  SC  channel  separation  (nominally  500  kc)  is  provided.  The 
SC  transmitter  will  handle  data  in  the  25  cps  to  45  kc  range.  De¬ 
viation  of  the  SC  transmitter  is  normally  ±15  kc. 

The  subcarrier  transmitter  is  mounted  in  a  frame  which  will  hold 
three  SC  transmitters.  Operating  voltages  are  obtained  from  a 
multiplex  power  supply. 
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10.  Subcarrier  (SC)  Transmitter  Frame 

The  SC  transmitter  frame  provides  facilities  for  mounting  three 
SC  transmitters  along  with  a  panel  containing  a  meter  and  a 
switch  for  monitoring  the  operation  of  the  SC  transmitters. 
Connector  receptacles  compatible  with  the  SC  transmitter  con¬ 
nectors  are  provided  for  making  connections  with  the  power 
source,  meter  panel,  and  signal  inputs  and  outputs.  The  SC 
transmitter  frame  mounts  in  a  standard  19-inch  rack. 

11.  Subcarrier  (SC)  Receiver 

The  composite  video  signal  from  the  microwave  receiver  is  ap¬ 
plied  to  the  SC  receiver  which  filters  out  all  other  data  signals 
and  amplifies  and  demodulates  the  fm  signal  from  the  SC  trans¬ 
mitter  on  the  opposite  end  of  the  microwave  link.  The  output 
of  the  SC  receiver  is  applied  to  additional  demultiplex  equip¬ 
ment  as  required.  The  SC  receiver  may  be  set  to  any  fre¬ 
quency  on  which  its  companion  SC  transmitter  operates.  The 
rf  bandwidth  of  the  subcarrier  receiver  is  ±150  kc  and  the  af 
bandwidth  is  25  cps  to  45  kc  (3  db). 

The  SC  receiver  is  mounted  in  a  frame  which  will  hold  three  SC 
receivers.  Operating  voltages  are  obtained  from  a  multiplex 
power  supply. 

12.  Subcarrier  (SC)  Receiver  Frame 

The  subcarrier  (SC)  receiver  frame  provides  facilities  for  mount¬ 
ing  three  SC  receivers  along  with  a  panel  containing  a  meter  and 
a  switch  for  monitoring  the  operation  of  the  SC  receivers.  Con¬ 
nector  receptacles  compatible  with  the  SC  receiver  connectors 
are  provided  for  making  connections  with  the  power  source, 
meter  panel,  and  signal  inputs  and  outputs.  The  SC  receiver 
frame  mounts  in  a  standard  19-inch  rack. 


13.  Electronic  Control  Amplifier 

The  antenna  position  information  from  the  search  radar  is 
provided  in  the  form  of  one  speed  (coarse)  and  ten  speed  (fine) 
resolver  tone  signals  which  are  shifted  in  phase  relative  to  a 
resolver  reference  signal  by  an  amount  which  depends  upon  the 
azimuth  position  of  the  antenna.  The  frequency  of  the  tones  is 
426.6  cps.  The  electronic  control  amplifier  operates  in  con¬ 
junction  with  a  synchro  assembly  to  provide  search  radar 
antenna  azimuth  data  to  the  search  indicators  at  the  control 
center.  The  inputs  to  the  electronic  control  amplifier  are  the 
three  426.  6  cps  tones  from  the  microwave  link  via  three  sub¬ 
carrier  receivers  (if  operation  is  via  cable,  the  input  tones 
come  over  the  cable  link),  and  tones  from  the  synchro  assembly. 
The  electronic  control  amplifier  develops  coarse  and  fine  error 
signals  proportional  to  the  phase  error  between  the  remote 
resolver  signals  (from  the  radar  antenna)  and  similar  resolver 
signals  from  the  synchro  assembly.  The  error  signals  are 
amplified  and  applied  to  the  synchro  assembly.  The  electronic 
control  amplifier  normally  operates  on  the  fine  error  signals 
for  maximum  accuracy;  however,  if  the  error  becomes  ex¬ 
cessive,  it  switches  to  the  coarse  error  signal  until  the  error 
can  be  corrected  enough  to  allow  operation  from  the  fine  error 
signal  without  ambiguity. 

The  electronic  control  amplifier  mounts  in  a  standard  19-inch 
rack.  Operating  voltages  are  obtained  from  a  multiplex  power 
supply. 

14.  Synchro  Assembly 

The  synchro  assembly  is  utilized  in  conjunction  with  the  elec¬ 
tronic  control  amplifier  to  provide  search  radar  antenna  azi¬ 
muth  data  to  the  search  indicators  at  the  control  center.  The 
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input  to  the  synchro  assembly  is  the  error  signal  from  the 
electronic  control  amplifier.  The  error  signal  is  applied  to  a 
servo  motor  which  causes  the  two  resolvers  {fine  and  coarse) 
to  rotate  (via  a  gear  train)  in  a  direction  to  reduce  the  error 
to  zero.  A  synchro  transmitter  is  geared  to  the  servo  motor 
and  resolvers  in  a  manner  to  provide  1  speed  synchro  data  to 
the  PPI  indicators  and  the  track/symbol  unit. 

The  synchro  assembly  mounts  in  a  standard  19-inch  rack. 

15.  Multiplex  Power  Supply 

The  multiplex  power  supply  provides  ac  filament  voltage  and 
regulated  dc  voltages  for  various  multiplex  equipment.  The 
power  supply  mounts  in  a  standard  19-inch  rack. 

16.  Monitor  Panel 

The  monitor  panel  provides  facilities  for  monitoring  and/or 
terminating,  and  transferring  up  to  six  video  channels.  All 
input,  output,  and  monitor  connectors  are  BNC  type.  Selec¬ 
tion  of  terminating  resistance  is  accomplished  with  a  toggle 
switch.  The  monitor  panel  mounts  in  a  standard  19-inch  rack. 

17.  Power  Distribution  Panel 

The  power  distribution  panel  distributes  and  controls  the  ac 
primary  power  to  various  units  in  the  equipment  rack(s).  In¬ 
dicator  lamps  and  circuit  breakers  are  provided  for  each 
branch  circuit.  Convenience  outlets  are  also  provided  on  the 
distribution  panel. 

18.  Voice  Frequency  Carrier  (VFC)  Transmitter  -  Two  State 

The  VFC  (or  tone)  transmitter  is  used  to  convert  control  sig¬ 
nals  into  audio  frequency  tones  for  modulation  of  subcarrier 


transmitters.  The  two-state  transmitter  has  two  frequencies, 
one  of  which  is  transmitted  for  the  first  of  the  two  states  and 
the  other  for  the  second  state.  The  two  states  correspond  to 
ON  and  OFF  control  signals.  The  two  frequencies  correspond 
to  the  center  frequency  minus  42.  5  cps  and  the  center  frequency 
plus  42.5  cps.  The  operating  (center)  frequencies  of  the  tones 
are  within  the  range  of  500  to  3100  cps  with  a  channel  spacing 
of  not  less  than  170  cps.  Frequency  of  the  VFC  transmitter 
may  be  changed  by  plug-in  units.  The  outputs  of  several  VFC 
transmitters  are  combined  and  applied  to  a  subcarrier  trans¬ 
mitter,  the  output  of  which  is  in  turn  applied  to  the  microwave 
transmitter. 

The  VFC  transmitter  mounts  in  a  frame  which  contains  an  in¬ 
dividual  power  supply  for  each  VFC  unit. 

19,  Voice  Frequency  Carrier  (VFC)  Transmitter  -  Three  State 

The  three -state  VFC  transmitter  is  identical  to  the  two  state 
unit  except  it  handles  three  state  (ON/OFF/ON)  control  signals. 
This  is  accomplished  by  using  three  frequencies  instead  of  two. 
These  frequencies  are:  center  frequency  plus  42.5  cps,  center 
frequency,  and  center  frequency  minus  42.  5  cps. 

The  three -state  VFC  transmitter  mounts  in  the  same  frame  as 
the  two  state. 

20.  Voice  Frequency  Carrier  (VFC)  Receiver  -  Two  or  Three  State 

The  VFC  receiver  converts  the  tones  transmitted  by  the  com¬ 
panion  VFC  transmitter  at  the  opposite  end  of  the  microwave 
link  into  the  proper  control  signal.  The  input  to  the  VFC  re¬ 
ceiver  consists  of  the  combined  tones  from  a  subcarrier  re¬ 
ceiver.  The  VFC  receiver  filters  out  all  tones  except  those  on 
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its  assigned  VFC  channel.  Tones  on  the  assigned  channel 
(center  frequency  ±  42.  5  cps)  are  amplified  and  demodulated 
to  produce  proper  control  outputs  in  the  form  of  contact  clo¬ 
sures.  The  VFC  receivers  may  be  converted  for  either  two 
or  three  state  operation.  The  operating  frequency  may  be 
changed  by  means  of  plug-in  units.  Response  of  a  VFC  trans¬ 
mitter-receiver  combination  is  such  that  not  more  than  40 
milliseconds  elapse  between  contact  closure  on  the  sending 
end  and  contact  closure  on  the  receiving  end. 

The  VFC  receiver  mounts  in  the  same  frame  as  the  VFC  trans¬ 
mitters. 

21.  Voice  Frequency  Carrier  (VFC)  Receiver  -  Noise  Receiver 

The  VFC  noise  receiver  monitors  an  idle  VFC  channel  (one 
with  no  transmission)  for  noise.  If  the  noise  becomes  exces¬ 
sive,  the  noise  receiver  will  apply  a  signal  to  all  other  VFC 
receivers  operating  on  the  same  subcarrier  channel  to  prevent 
operation  until  the  noise  decreases. 

The  VFC  noise  receiver  mounts  in  the  same  frame  as  the  other 
VFC  receivers  and  transmitters. 

22.  Voice  Frequency  Carrier  (VFC)  Frame 

The  VFC  frame  provides  facilities  for  mounting  twelve  VFC 
transmitters  or  receivers  or  combinations  thereof.  Each  frame 
also  has  space  for  attaching  a  small  solid  state  power  supply  at 
each  VFC  transmitter  or  receiver  position.  Connector  recep¬ 
tacles  are  provided  on  the  frame  for  mating  the  plugs  on  the 
VFC  receivers  or  transmitters.  The  VFC  frame  mounts  in  a 
standard  19-inch  rack. 
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23.  Order  Wire 


The  order  wire  unit  provides  voice  communications  over  the 
microwave  channels.  The  unit  contains  a  fm  receiver-trans¬ 
mitter  which  provides  simplex  voice  communication  by  modu¬ 
lating  the  microwave  transmitter  with  a  fm  subcarrier  during 
transmission,  and  demodulating  a  fm  subcarrier  from  the 
microwave  receiver  during  reception.  Transmission  and  re¬ 
ception  are  accomplished  on  the  same  subcarrier  frequency. 

A  companion  order  wire  unit  on  the  same  frequency  is  required 
at  the  opposite  end  of  the  microwave  link.  The  transmitter 
deviation  is  nominally*  16  kc,  and  the  receiver  bandwidth  is 
±  300  kc.  Each  order  wire  unit  contains  a  speaker  and  a  micro¬ 
phone.  When  no  signal  is  being  received,  the  receiver  is 
squelched. 

The  order  wire  unit  should  have  the  capability  of  operating  as 
an  intercommunications  unit  over  1000  feet  of  cable.  This 
feature  is  not  provided  by  the  present  (Motorola)  unit. 

The  order  wire  unit  has  a  self  contained  power  supply  and 
mounts  in  a  standard  19-inch  rack. 

24.  Analog  Data  (AD)  Transmitter 

The  analog  data  transmitter  would  convert  dc  analog  voltages 
into  signals  suitable  for  transmission  via  fm  subcarrier  over 
the  microwave  link.  This  equipment  has  not  been  designed, 
and  there  are  two  methods  of  attacking  the  problem.  One 
method  is  by  converting  the  voltage  level  into  a  serial  digital 
code  which  would  modulate  a  subcarrier  transmitter  which 
would  modulate  the  microwave  transmitter.  The  second  method 
is  by  converting  the  voltage  level  to  an  analog  frequency  which 
would  also  modulate  a  subcarrier  transmitter,  Motorola  seems 
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to  prefer  the  second  method  because  the  AD  transmitter  would 
be  less  complex  and  more  economical  to  build;  however,  the 
stability  would  not  equal  the  digital  method. 

The  data  transmitted  via  the  AD  transmitter  would  consist  of  the 
azimuth  and  elevation  positions  of  the  azimuth  scam  and  the  eleva¬ 
tion  scan  antennas  on  the  precision  approach  radar.  This  would 
require  four  AD  transmitters. 

The  AD  transmitters  would  be  mounted  in  an  AD  transmitter  frame. 
Each  AD  transmitter  would  have  a  self  contained  power  supply. 

25.  Analog  Data  (AD)  Transmitter  Frame 

The  AD  frame,  which  would  mount  in  a  standard  19 -inch  rack,  provides 
mountings  for  four  AD  transmitters.  Connector  receptacles  on  the 
frame  provide  for  mating  the  AD  transmitter  plugs. 

26.  Analog  Data  (AD)  Receiver 

The  AD  receiver  would  receive,  via  fm  subcarrier,  the  signal 
corresponding  to  the  converted  analog  voltage  from  the  precision 
approach  radar.  The  AD  receiver  would  reconvert  this  signal  to 
a  voltage  level  corresponding  to  the  input  at  the  opposite  end  of 
the  microwave  link.  This  voltage  would  be  applied  to  the  PAR 
indicators  at  the  control  center.  This  equipment  has  not  been 
designed,  but  will  have  to  be  compatible  with  the  AD  transmitter. 
Accuracy  requirements  (input  to  output)  of  the  AD  transmitter  and 
receiver  combination  are  approximately  0. 15  percent. 

The  AD  receiver  would  be  mounted  in  an  AD  receiver  frame.  Each 
AD  receiver  would  have  a  self-contained  power  supply. 

27.  Analog  Data  (AD)  Receiver  Frame 

The  AD  receiver  frome  would  provide  facilities  for  mounting  four 
AD  receivers.  Connector  receptacles  would  be  provided 


on  the  frame  for  mating  the  plugs  on  the  AD  receivers.  The 
AD  receiver  frame  would  mount  in  a  standard  19-inch  rack. 

28.  Gate  Signal  Converter 

The  gate  signal  converter  would  be  capable  of  converting  two 
gate  signals  into  signals  suitable  for  transmission  via  two  sub¬ 
carrier  channels.  The  signals  to  be  transmitted  are  the  un¬ 
blanking  gate  and  the  relay  gate  of  the  precision  approach 
radar.  The  equipment  has  not  been  designed,  but  would  be 
relatively  simple.  The  converter  would  essentially  be  a  dif¬ 
ferentiation  circuit  which  would  convert  the  positive  going  edge 
of  the  gate  signal  to  a  positive  pulse  and  the  negative  going  edge 
to  a  negative  pulse.  The  output  would  modulate  a  subcarrier 
transmitter  which  would  modulate  the  microwave  transmitter. 

The  gate  signal  converter  would  mount  in  a  standard  19-inch 
rack. 

29.  Gate  Generator 

The  gate  generator  will  receive  the  positive  and  negative  pulses 
corresponding  to  the  two  gate  signals  (unblanking  gate  and  relay 
gate)  via  two  subcarrier  channels  and  will  regenerate  the 
original  gate  signals.  The  equipment  has  not  been  designed 
but  will  be  relatively  simple.  The  gate  generator  would  con¬ 
tain  a  bistable  multivibrator  (flip-flop)  for  each  gate  signal. 

The  flip-flop  would  be  set  and  reset  according  to  the  polarity 
of  the  input  pulses  and  would  drive  an  amplifier,  the  output  of 
which  would  be  the  regenerated  gate  signal. 

The  gate  generator  would  have  a  self-contained  power  supply 
and  would  mount  in  a  standard  19-inch  rack. 


30.  RF  Attenuator 


The  RF  attenuator  is  used  for  determining  microwave  signal 
fade  margin  at  the  search  microwave  terminal  and  the  PAR 
microwave  terminal.  The  attenuator  is  a  0  to  50  db  continu¬ 
ously  variable  direct  reading  model  which  is  inserted  in  the 
waveguide  between  the  rf  equipment  (transmitters  and  receiver) 
and  the  microwave  antenna.  Fade  margin  can  be  determined 
directly  by  increasing  the  attenuation  and  noting  at  what  value 
the  failure  alarm  operates  at  the  receiving  end  of  a  given 
microwave  channel. 

The  attenuator  is  mounted  in  the  rack  directly  above  the  rf 
equipment. 

31,  Rack,  Door  Frame 

This  type  rack  has  pivots  on  the  left  side  at  both  the  top  and 
bottom.  The  pivots  allow  the  rack  to  be  rotated  about  a  ver¬ 
tical  axis  through  an  angle  of  more  than  90  degrees  for  inspec¬ 
tion  and  repair  or  removal  and  installation  of  equipment.  The 
rack  is  locked  in  the  normal  position  by  captive  bolts  with  T 
handles  at  the  top  and  bottom  on  the  right  side  of  the  rack. 

The  pivots  are  attached  to  shocks  on  the  left,  and  the  captive 
bolts  screw  into  shock  mounted  plates  on  the  right.  The  pivot 
at  the  top  left  has  an  opening  large  enough  to  allow  a  wave¬ 
guide  to  pass  through. 

All  microwave  equipment  is  mounted  in  these  racks.  When 
the  racks  are  installed,  care  must  be  taken  to  allow  adequate 
clearance  for  the  racks  to  swing. 
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32.  Air  Duct 


The  air  duct  is  used  to  convey  cooling  air  from  the  blower  to 
the  microwave  receiver (s)  and  transmitter (s).  The  duct  is 
mounted  along  the  left  side  of  the  rack  and  has  openings  at 
each  receiver  and  transmitter. 

33.  Demultiplexer  and  Trigger  Generator 

The  demultiplexer  and  trigger  generator  is  used  to  regenerate 
the  beacon  (IFF)  trigger  pulses  for  triggering  the  beacon  trans 
mitter.  Normally,  a  VT  demultiplexer  would  be  used,  but  the 
output  level  is  not  great  enough.  The  input  of  the  trigger  gen¬ 
erator  is  the  same  as  the  video  section  of  a  VT  demultiplexer 
(see  paragraph  7).  However,  after  the  input  circuits  the  video 
(beacon  trigger)  pulses  drive  a  flip-flop  which  controls  the 
triggering  of  two  blocking  oscillators.  The  blocking  oscillator 
are  operated  alternately  by  the  trigger  pulses  and  the  blocking 
oscillator  pulses  are  combined  in  a  common  output  which  trig¬ 
gers  the  beacon  transmitter.  Blocking  oscillators  are  used 
because  of  the  high  peak  voltage  output  pulse  required.  The 
requirement  for  two  blocking  oscillators  operating  alternately 
results  from  the  close  spacing  of  the  beacon  trigger  pulses 
which  would  not  allow  a  single  blocking  oscillator  to  recover. 

The  trigger  generator  is  mounted  in  a  standard  19-inch  rack. 

A  multiplex  power  supply  is  required  to  provide  the  operating 
voltages. 

34.  Antenna  -4  foot  Diameter 

A  4-foot  diameter  parabolic  antenna  is  used  at  the  search 
microwave  terminal  and  the  IFR-search  microwave  terminal, 
This  size  is  required  to  assure  adequate  signal  strength  with 
the  maximum  path  length  (15  miles).  The  gain  of  the  antenna 
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is  36  db  and  the  beamwidth  is  2.  5  degrees.  The  antenna  is  at¬ 
tached  to  a  vertical  pipe  above  the  shelter. 

35.  Antenna  Mount  -  4  foot  Antenna 

The  antenna  mount  is  used  to  attach  the  antenna  i:o  the  mast 
(vertical  pipe).  The  antenna  mount  allows  adjustment  of  the 
antenna  in  both  azimuth  and  elevation,  yet  has  sufficient  rigid¬ 
ity  to  hold  position  accurately  during  severe  environmental 
conditions  (ice  and  wind). 

36.  Radome  -  4  foot  Antenna 

The  radome  is  used  to  protect  the  4-foot  antenna  and  the  feed- 
horn  from  the  elements.  Heating  wires  are  contained  in  the 
radome  to  prevent  the  formation  of  ice.  The  radome  can  be 
easily  installed  on  or  removed  from  the  antenna. 

37.  Antenna  -  2  foot  Diameter 

A  2 -foot  diameter  parabolic  antenna  is  used  at  the  PAR  micro- 
wave  terminal  and  the  IFR-PAR  microwave  terminal.  This 
size  is  adequate  for  the  maximum  required  path  length  (5  miles). 
The  gain  of  the  antenna  is  30  db  and  the  beamwidth  is  5.  0 
degrees.  The  antenna  is  attached  to  a  vertical  pipe  above  the 
shelter. 

/ 

'38.  Antenna  Mount  -  2  foot  Antenna 

The  antenna  mount  is  used  to  attach  the  antenna  to  the  mast 
(vertical  pipe),  and  allows  adjustment  of  the  antenna  in  both 
azimuth  and  elevation,  but  has  sufficient  rigidity  to  hold  posi¬ 
tion  accurately  during  severe  environmental  conditions  (ice 
and  wind). 


39.  Radome  -  2  foot  Antenna 

The  radome  is  used  to  protect  the  2 -foot  antenna  and  the  feed- 
horn  from  the  elements.  Heating  wires  are  contained  in  the 
radome  to  prevent  the  formation  of  ice.  The  radome  can  be 
easily  installed  on  or  removed  from  the  antenna. 

40.  Vertical  Pipe  Mount  -  Antenna 

The  vertical  pipe  mount  is  the  assembly  to  which  the  antenna(s) 
is/are  attached  and  consists  of  the  mast,  associated  braces, 
and  mounting  plates  for  installation  on  a  shelter.  Since  the 
antenna  configuration  will  be  different  at  each  shelter  (IFR, 
search,  and  PAR),  the  equipment  will  probably  vary  somewhat 
for  each  shelter. 

41.  Feed-thru  Flange 

The  feed-thru  flange  is  used  to  allow  the  waveguide  to  pass 
through  the  roof  of  the  shelter  and  up  to  the  antenna.  It  also 
includes  the  feed-thru  connector  for  the  radome  heater  cable. 

42.  Cross  Guide  Coupler 

The  cross  guide  coupler  is  inserted  in  the  waveguide  between 
the  rf  equipment  (microwave  transmitter(s)  and  receiver(s) 
and  the  antenna.  It  provides  a  test  point  for  coupling  into  the 
waveguide.  It  eliminates  the  necessity  of  removing  the  wave¬ 
guide  to  make  tests  on  the  microwave  receiver  or  transmitter. 

43.  Beacon  (IFF)  Receiver  Gain  Control  Adapter 

This  unit  contains  a  motor  driven  potentiometer  and  associated 
relays  (if  required)  to  allow  the  beacon  receiver  gain  to  be 
controlled  remotely  via  a  three  state  VFC  channel.  The  unit 
mounts  in  a  standard  19- inch  rack  near  the  beacon  (IFF)  re¬ 
ceiver. 
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Table  3-3.  List  of  microwave  equipment  physical  characteristics,  status, 

and  quantity  requirements 


Item 

No. 

Name 

MIL 

Nomen 

Motorola 

Nomen 

Dimensions 

Inches 

H  W  D 

(Connectors  not 
included) 

Remarks 

Availability 

Status* 

Weight 

lbs 

1 

Microwave  Trans¬ 
mitter 

T-S76/GR 

RA-314 

7 

18 

14-1/2 

Connector 

3-1/2"** 

M-l 

41.7 

2 

Microwave  Receiver 

R-710/GR 

RA-312 

7 

18 

4-5/8 

Connector 

3-1/2"** 

M-l 

35.5 

3 

RF  Power  Supply 

PP-1337/GR 

RU-324 

7 

18 

18-1/2 

**  ; 

M-2 

60.0 

4 

Cooler ,  Electrical 
Equipment  (Blower) 

HD-482/FR 

RU-353 

8-3/4 

18 

10-5/8 

** 

OS 

15 

5 

Video,  Trigger  (VT) 
Multiplexer 

TD-128/GR 

RU-335 

1-3/4 

18 

8 

** 

M-l 

2.6 

6 

Video,  Video,  Trigger 
(VVT)  Multiplexer 

TD-127/GR 

RU-334 

3-1/2 

18 

5 

** 

M-l 

3.5 

7 

Video,  Trigger  (VT) 
Demultiplexer 

TD-125/GR 

RU-332 

3-1/2 

•18 

5 

**  • 

M-l 

4.  3 

3 

Video,  Video,  Trigger 
(VVT)  Demultiplexer 

TD-126/GR 

RU-333 

5-1/4 

18 

5 

** 

M-l 

6.5 

9 

Subcarrier  Trans¬ 
mitter. 

0-397/GR 

RU-319 

2-5/8 

8-3/4 

6-1/4 

** 

Do  not  add 
connector 

OS 

1.7 

10 

Subcarrier  Trans¬ 
mitter  Frame 

MT-2245/trt-4 

RU-311 

5-1/4 

18 

4 

•** 

OS 

4  1 

11 

Subcarrier  Receiver 

R-727/GR 

RU-327 

2-5/8 

8-1/2 

6-1/4 

** 

Do  not  add 
connector 

OS 

12 

Subcarrier  Receiver 
Frame 

MT-2246/ 

TRR-9 

RU-31 2 

5-1/4 

18 

4 

OS 

4 

Table  3-3.  List  of  microwave  equipment  physical  characteristics,  status, 

and  quantity  requirements 


RIIL 

femen 

Motorola 

Nomen 

Dimensions 

Inches 

H  W  D 

(Connectors  not 
included) 

Remarks 

Availability 

Status* 

Weight 

lbs 

Power  120  v  ac 
amp  watts 

Quantity  Required 
Search  PAR  IFR 

Shelter  Shelter  Shelter 

176/GR 

RA-314 

7 

18 

14-1/2 

Connector 

3-1/2"** 

M-l 

41.7 

2.17 

260 

2 

2 

2 

rio/GR 

RA-312 

7 

18 

4-5/8 

Connector 

3-1/2"** 

M-l 

35.5 

1.75 

210 

1 

1 

4. 

-1337/GR 

RU-324 

7 

18 

16-1/2 

**  ; 

M-2 

60.0 

2.5 

300 

1 

1 

2 

-482/FR 

RU-353 

8-3/4 

18 

10-5/8 

ee 

OS 

15 

0.05 

6 

1 

1 

1 

i>128/GR 

RU-335 

1-3/4 

18 

8 

ee 

M-l 

2.6 

- 

1 

1 

1 

•  127/GR 

RU-334 

3-1/2 

18 

5 

*• 

M-l 

3.5 

- 

- 

1 

- 

-125/GR 

RU-332 

3-1/2 

<18 

5 

ee  ■ 

M-l 

4.3 

- 

- 

- 

- 

- 

-126/GR 

RU-333 

5-1/4 

18 

5 

** 

M-l 

6.5 

- 

- 

- 

1 

mm 

m 

RU-319 

2-5/8 

8-3/4 

6-1/4 

ee 

Do  not  add 
connector 

OS 

1.7 

- 

- 

3 

7 

2 

-2245/trt- 

4  RU-311 

5-1/4 

18 

4 

eee: 

OS 

4 

- 

- 

1 

3 

1 

B 

RU-327 

2-5/8 

8-1/2 

6-1/4 

ee 

Do  not  add 
connector 

OS 

1.5 

- 

* 

1 

1 

10 

►2246/ 

^R-9 

RU-312 

5-1/4 

18 

4 

**** 

OS 

4 

• 

1 

1 

4 
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Item 

No. 

Name 

MIL 

Nomen 

Motorola 

Nomen 

Dimensions 

Inches 

H  W  D 

(Connectors  not 
included) 

Remarks 

Availability 

Status* 

Weight 

lbs 

Power  120 
amp  x 

13 

Electronic  Control 
Amplifier 

AM-1  388 /GR 

RU-305 

8-3/4 

IS  8-1/2 

♦•Cable 

Connector 

3-1/4" 

M-l 

13.5 

1.35 

14 

Synchro  Assembly 

PD-51/GR 

RU-320 

5-1/4 

18  17-1/4 

**  ' 

M-l 

29.3 

-- 

15 

Multiplex  Power 
Supply 

PP-1  338/GR 

RU-325 

5-1/4 

18  17 

** 

M-l 

51 

2.3 

16 

Monitor  Panel 

SB-1069/TR 

RU-330 

3-1/2 

18  5-3/4 

OS 

3.2 

- 

17 

Power  Distribution 
Panel 

SB-633/GR 

RU-329 

3-1/2 

18  2-1/2 

•♦Connector 

3-3/4 

M-l 

3.5 

- 

18 

VFC  Transmitter 
(Two  State) 

T-824/FR 

RA-302 

3-7/8 

4-1/4  13-7/8 

** 

Do  not  add 
connector 

OS 

5.0 

0.004 

19 

VFC  Transmitter 
(Three  State) 

T-821/FR 

RA-304 

3-7/8 

4-1/8  13-7/8 

*•  . 

Do  not  add 
connector 

OS 

5.0 

0.004 

20 

VFC  Receiver  (Two 
or  Three  State) 

R-1049/FR 

RA-307 

3-7/8 

4-1/8  13-1/8 

** 

Do  not  add 
connector 

OS 

5.0 

0.013 

21 

VFC  Receiver 
(Noise  Receiver) 

R-1050/FR 

RA-310 

3-7/8 

4-1/8  13-7/8 

** 

Do  not  add 
connector 

OS 

5.0 

0.013 

22 

VFC  Frame 

MT-2499/FR 

RU-304 

14 

18  17-3/4 

** 

Do  not  add 
connector 

OS 

17 

4 

23 

Order  Wire 

RT-357/GR 

RU-328 

7 

18  10-1/4 

** 

M-l 

26.8 

0.75 

24 

Analog  Data 
Transmitter 

None 

None 

5-1/2 

8-1/4  13 

a* 

Do  not  add 
connector 

D 

15 

0.4 

MIL 

omen 

Motorola 

Nomen 

Dimensions 

Inches 

H  W  D 

(Connectors  not 
included) 

Remarks 

Availability 

Status* 

Weight 

lbs 

Power  120  v  ac 
amp  watts 

Quantity  Required 

Search  PAR  IFR 

Shelter  Shelter  Shelter 

1 388  /OR 

RU-305 

8-3/4 

18  8-1/2 

♦•Cable 

Connector 

3-1/4” 

M-l 

13.5 

1.35 

162 

* 

* 

1 

Sl/GR 

RU-320 

5-1/4 

18  17-1/4 

*• 

M-l 

29.3 

-- 

-■ 

- 

- 

1 

1 338/GR 

RU-325 

5-1/4 

18  17 

♦* 

M-l 

51 

2.3 

276 

2 

2 

3 

069/TR 

RO-330 

3-1/2 

18  5-3/4 

OS 

3.2 

- 

- 

1 

1 

2 

(33/GR 

RU-329 

3-1/2 

18  2-1/2 

♦♦Connector 
•  3-3/4 

M-l 

3.5 

- 

- 

1 

1 

2 

14/FR 

RA-302 

3-7/8 

4-1/4  13-7/8 

e* 

Do  not  add 
■  connector 

OS 

5.0 

0.004 

0.48 

* 

1 

9 

tl/FR 

RA-304 

3-7/8 

4-1/8  13-7/8 

«♦ 

Do  not  add 
connector 

OS 

5.0 

0.004 

0.48 

• 

* 

9 

►49/FR 

RA-307 

3-7/8 

4-1/8  13-1/8 

** 

Do  not  add 
connector 

OS 

5.0 

0.013 

1.56 

8 

10 

1 

►50/FR 

RA-310 

3-7/8 

4-1/8  13-7/8 

** 

Do  not  add 
connector 

OS 

5.0 

0.013 

1.56 

1 

1 

1 

2499/FR 

RU-304 

14 

18  17-3/4 

*♦ 

Do  not  add 
connector 

OS 

17 

" 

1 

1 

2 

357/GR 

RU-328 

7 

18  10-1/4 

♦♦ 

M-l 

26.8 

0.75 

90 

1 

1 

1 

» 

None 

5-1/2 

8-1/4  13 

*• 

Do  not  add 
connector 

D 

15 

0.4 

48 

• 

4 

m 
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Dimensions 
Inche s 

H  W  D 


Item 

No. 

Name 

MIL 

Nomen 

Motorola 

Nomen 

(Connectors  not 
included) 

Remarks 

Availability 

Status* 

Weight 

lbs 

Pm 

am| 

25 

Analog  Data  Trans*  ' 
m  it  ter  Frame 

None 

None 

14 

18 

17 

ee 

D 

17 

- 

26 

Analog  Data 
'Receiver 

None 

None 

5 

8-1/4 

13 

a* 

Do  not  add 
connector 

D 

12 

0. 

27 

Analog  Data 

Receiver  Frame 

None 

None 

1 2-1/4 

18 

17 

a* 

D 

16 

.  - 

Gate  Signal 

Converter 

None 

None 

5-1/4 

18 

12 

aa 

D 

5.0 

- 

29 

Gate  Generator 

None 

None 

1-3/4 

18 

16-1/2 

aa 

D 

6.5 

0.! 

30 

RF  Attenuator 

Nona 

FXR 

V164A 

4-1/2 

10-1/2 

8 

os 

5;  25 

- 

31 

Rack,  Door  Frame 

MT-1647 

None 

70.56 

21-1/2 

3 

os 

42 

32 

Air  Duct 

None 

RK-410 

66.5 

1-1/2 

6-1/4 

a* 

os 

10 

- 

33 

Demultiplexer  eai 
Trigger  Generator 

None 

None  * 

3-1/2 

18 

5 

aa 

D 

5 

- 

34 

Antenna  (4  ft) 

AS-1 160/FR 

Andrews 

Corp 

25026 

49el/2 

49-1/2 

29 

a* 

OS 

44 

- 

35 

Antenna  Mount 
(4  ft) 

None 

Andrews 

I9474A 

24 

28 

24 

os 

80 

36 

Radome  (4  ft) 

CW-S81/FR 

Andrews 

Corp 

25027 

50 

SO 

22-1/2 

OS 

12 

4j 

37 

Antenna  (2  ft) 

Near 

Andrews 

Corp 

P2-71G 

24 

24 

19-1/2 

os 

17 

- 

lr 

Motorola. 

Nomas 

Dimanaiona 

Inche  a 

H  W  D 

(Connectora  not 
included) 

Remarks 

Availability 

Status* 

Waight 
lb  a 

Power  120 
amp 

▼  ac 
watts 

Quantity  Required 
Search  PAR  1FR 

Shelter  Shelter  Shelter 

'  . 

Nona 

14 

18 

17 

ee 

D 

17 

- 

-  ■ 

1 

. 

Nona 

5 

8-1/4 

13 

•« 

Do  not  add 
connactor 

D 

12 

0.5 

72 

- 

m 

4 

Nona 

1 2-1/4 

18 

17 

a* 

D 

16 

• 

T  - 

■y 

w 

1 

Nona 

5-1/4 

18 

12 

a* 

0 

5.0 

• 

• . 

1 

aa 

Nona 

1-3/4 

18 

16-1/2 

aa 

D 

6.5 

0.5 

72 

- ' 

an 

1 

rxR 

W164A 

4-1/2 

10-1/2 

8 

06  ,  .V 

5125 

m 

• 

i 

1 

m 

(T  • 

Nona 

70.56 

21-1/2 

3 

os  ' 

42 

«► 

m- 

2 

2 

3 

RK-410 

66.5 

1-1/2 

6-1/4 

aa  _ 

06 

10 

• 

9- 

t 

1 

1 

Nona  ' 

3-1/2 

18 

5 

aa 

D 

5 

W 

- 

1 

l/l r* 

Andrawa 

Corp 

25026 

49-1/2 

49-1/2 

29 

aa 

os 

44 

m 

•a 

i 

m 

i 

Andrawa 

I9474A 

24 

28 

24 

OS 

80 

- 

i 

l 

/m 

Andrawa 

Corp 

25027 

50 

50 

22-1/2 

OS 

12 

4.6 

550 

i 

• 

i 

Andrawa 

Corp 

P2-71G 

24 

24 

19-1/2 

os 

17 

• 

• 

A 

1 

l 
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Item 

No. 

Name 

MIL 

Nomen 

Motorola 

Nomen 

Dimensions 

Inches 

H  W  D 

(Connectors  not 
included) 

Remarks 

Availability 

Status* 

Weight 

lbs 

POV 

am] 

38 

Antenna  Mount  (2  ft) 

None 

Andrew* 

19474A 

24  28 

24 

OS 

95 

- 

39 

Radome  (2  ft) 

None 

Andrews 
-  Corp 
HR-2 

24-1/2  24-1/2 

16-3/4 

OS 

2 

1.2 

40 

Vertical  Pipe 

Mount  (Antenna) 

None 

DS6414 

55  59-1/2 

59-1/2 

OS 

250 

- 

41 

Feedthru  Flange 

None 

None 

11  11 

1-1/2 

OS 

20.5 

- 

42 

Cross  Guide  Coupler 

None 

Nona 

4  4 

1-7/8 

05 

3 

- 

■  43 

Beacon  (IFF) 
Receiver  Gain 
Control  Adapter 

None 

None 

1-3/4  18 

6 

,  All  date 
•  estimated 

OS 

5 

0. 1 

♦Availability  Status  Symbol* 

OS  *  Off  the  Shelf  ' 

M-l  ■  Require*  Minor  Modification 
M-2  «  Require*  Major  Modification 
D  a  Require*  Development 


♦♦All  dimension*  are  given  without  mounting 
flange*.  Add  2"  for  two  1"  width  mounting 
flange*  (1  for  each  side).  All  dimension* 
are  given  without  cable  connectors  for  over¬ 
all  depth  add  3"  except  where  noted. 


♦♦•With  frame  and  XMTR  installed  d 


•♦••With  frame  and  RCVR  installed  < 


1 


Table  3*3.  (Continued) 


I 


DL  Motorola 

pen  Nomen 

Dimensions 

Inches 

H  W  D 

(Connectors  not 
included) 

Remarks 

Availability 

Status* 

Weight 

lbs 

Power  120  v  ac 
amp  watte 

Quantity  Required 

Search  PAR  1FR 

Shelter  Shelter  Shelter 

Andrew* 

19474A 

24  28  24 

OS 

95 

- 

- 

- 

1 

1 

Andrew* 

-  Corp 
HR-2 

24-1/2  24-1/2  16-3/4 

OS 

2 

1.25 

ISO 

- 

1 

1 

DS6414 

55  59-1/2  59-1/2 

OS 

250 

- 

1 

1 

1 

None 

11  11  1-1/2 

OS 

20.5 

- 

- 

1 

1 

2 

Non* 

4  4  1-7/8 

os 

3 

- 

1 

2 

None 

1-3/4  18  6 

„  All  date 

-  estimated 

06 

5 

0.1 

12 

1 

• 

* 

■ability  Statu*  Symbol* 

p  Off  the  Shelf  ' 

(•Requires  Minor  Modification 
p  Require*  Major  Modification 
p  Requires  Development 

•♦•With  frame  and  XMTR  installed  depth  < 

•♦♦•With  frame  and  RCVR  installed  depth 

-  6-3/4. 

»  6-3/4 

dimensions  are  given  without  mounting 
■ee.  Add  2"  for  two  1"  width  mounting 
pee  (1  for  each  side).  All  dimensions 
[given  without  cable  connectors  forover- 
Ipepth  add  3  '  except  where  noted. 
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3.5  MODIFICATIONS  NECESSARY  TO  MEET  REQUIREMENTS 
3.5.1  MICROWAVE  EQUIPMENT  MODIFICATIONS 

Some  of  the  items  of  microwave  equipment  available  from  Motorola  will 
require  modification  or  development. 

The  column  headed  "Availability  Status"  in  Table  3-3  shows  whether 
modification  or  development  is  needed  on  the  microwave  equipment  to 
meet  the  requirements  of  A4W. 

Items  1,  2,  15,  and  23  require  minor  modifications  for  operation  on  400 
cps  instead  of  60  cps  primary  power.  Item  3  requires  major  modifica¬ 
tion  to  change  from  60  to  400  cps  power  and  to  increase  the  amperage 
output  of  the  regulated  voltage  to  handle  3  instead  of  2  rf  units  (micro - 
wave  receivers  or  transmitters).  Items  5  through  8  require  minor 
modification  to  handle  the  requirements  of  the  video  and  trigger  signals. 
Items  13  and  14  require  minor  modification  to  enable  operation  with  1 
and  10  speed  antenna  data  in  place  of  1  and  36  speed  data.  Item  17  re¬ 
quires  minor  modification  to  add  extra  breakers  for  additional  primary 
power  branch  circuits. 

Items  24  through  27  are  equipments  required  for  transmission  and  re¬ 
ception  of  the  dc  analog  voltages  corresponding  to  the  positions  of  the 
elevation  and  azimuth  scan  antennas  of  the  precision  approach  radar. 
These  items  require  development  because  no  equipment  is  available  to 
meet  the  specified  accuracy  requirements.  The  analog  data  transmitter 
and  analog  data  receiver  are  the  only  two  items  that  will  require  a  great 
deal  of  development  work. 

Items  27  and  28  are  required  for  transmission  and  reception  of  gate 
signals.  These  items  require  development  because  no  equipment  has 
been  previously  developed  to  transmit  gate  signals  (with  the  required 
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rise  and  decay  time)  via  microwave.  The  equipment  is  relatively 
simple  and  development  will  be  no  problem. 

Item  33  is  utilized  to  regenerate  the  beacon  trigger.  Equipment  similar 
to  this  has  been  developed  previously  by  Motorola  but  a  small  amount  of 
additional  development  work  is  thought  necessary.  It  is  possible  that  a 
VT  demultiplexer  (Item  7)  could  be  used  in  place  of  this  item. 
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3.5.2  SEARCH  RADAR  AND  IFF  EQUIPMENT  MODIFICATIONS 


The  following  modifications  required  on  the  search  radar  or  the  IFF 
receiver  for  compatibility  with  the  microwave  equipment  are  based  on 
the  AN/TPS-35  radar.  Control  or  signal  source  circuits  will  have  to 
be  modified  as  follows: 

A.  Antenna  Azimuth  Rotational  Data 

Two  resolvers  must  be  mounted  in  the  radar  antenna  pedestal  to  pro¬ 
vide  one  and  ten-speed  resolver  data  to  the  search  microwave  group. 

A  resolver  reference  generator  must  be  added  to  the  radar  equipment 
to  provide  resolver  reference  signals  to  the  antenna  resolvers  and  to 
the  microwave  group. 

B.  Normal  IF  Gain  Control 

The  radar  set  must  be  modified  to  include  the  necessary  relays,  motor 
and  potentiometer  to  enable  the  IF  gain  to  be  controlled  by  the  output  of 
a  three  state  (ON- OFF -ON)  VFC  receiver  to  provide  the  following  outputs. 


Control 

Circuit  No 

.  1 

Source 

Circuit  No.  2 

Source 

State 

Level 

Impedance 

Level 

Impedance 

ON 

0  volts  (gnd) 

0  ohms 

Open  circuit 

Infinite 

OFF 

Open  Circuit 

Infinite 

Open  circuit 

Infinite 

ON 

Open  Circuit 

Infinite 

0  volts  (gnd) 

0  ohms 

Circuit  No.  1  will  control  the  rotation  of  the  motor  in  one  direction, 
and  circuit  No.  2  will  control  the  rotation  of  the  motor  in  the  opposite 
direction.  In  the  OFF  condition,  the  motor  will  not  be  energized. 

C.  MTI  IF  Gain  Control 

MTI  IF  gain  control  requirements  are  the  same  as  normal  IF  gain 
control. 


STC  gain  control  requirements  are  the  same  as  normal  IF  gain  control. 


E.  FTC  IN-OUT  Control 

The  radar  set  must  be  modified  to  include  the  necessary  circuits  to  en¬ 
able  control  of  the  FTC  by  the  output  of  a  two  state  (ON-OFF)  VFC  re¬ 
ceiver  that  provides  the  following  outputs. 


Control  State 

Level 

Source  Impedance 

IN 

0  volts  (gnd) 

0  ohms 

OUT 

Open  Circuit 

Infinite 

Only  one  circuit  is  needed  since  this  is  a  simple  ON-OFF  function. 

F.  Circular  Polarization  IN-OUT  Control 

Circular  polarization  control  requirements  are  the  same  as  for  FTC 
control. 

G.  Pulse  Width  Discrimination  IN-OUT  Control 

Pulse  width  discrimination  control  requirements  are  the  same  as  for 
FTC  control. 

H.  STC  IN-OUT  Control 

STC  control  requirements  are  the  same  as  FTC  control. 

The  IFF  receiver  modification  will  require  that  the  wires  to  the  gain 
control  potentiometer  be' disconnected  and  routed  to  an  external  con¬ 
nector.  This  external  connector  will  connect  to  a  cable  from  the  IFF 
gain  control  adapter  which  is  utilized  to  enable  control  of  the  IFFgain 
via  microwave  (or  cable).  It  may  also  be  desirable  that  the  modification 


of  the  IFF  receiver  include  a  switch  to  enable  switching  from  the  gain 
control  in  the  receiver  to  the  remote  gain  control  or  vice  versa  when 
desired. 

In  order  to  control  the  Normal  IF  gain,  MTI  IF  gain,  STC  gain,  and 
IFF  receiver  gain  via  microwave,  a  control  panel  containing  four  three- 
position  switches  must  be  provided  at  the  IFR  control  center.  The 
output  of  each  switch  will  be  connected  to  the  appropriate  microwave 
control  channel  and  the  output  must  be  the  same  as  that  of  the  VFC 
receiver  for  normal  IF  gain  control  (Item  B,  above).  The  switch  will 
be  nonlocking  in  the  two  ON  positions  and  will  return  to  the  center 
(OFF)  position  when  released.  One  ON  position  will  drive  the  motor 
driven  potentiometer  (at  the  radar  site)  in  a  given  direction  and  the 
other  ON  position  will  drive  it  in  the  opposite  direction- 

3.5.3  PRECISION  APPROACH  RADAR  AND  INDICATOR  MODIFICATIONS 

The  following  modifications  required  on  the  PAR  and  indicator  for  com¬ 
patibility  with  the  microwave  equipment  are  based  on  the  AN/TPN-14 
radar.  Control  circuits  will  be  required  to  be  modified  as  follows. 

A.  Azimuth  IF  Gain  Control  Radar 

The  radar  set  must  be  modified  to  include  the  necessary  relays,  motor, 
and  potentiometer  to  enable  the  azimuth  IF  gain  to  be  controlled  by  the 
output  of  a  three  state  (ON-OFF-ON)  VFC  receiver  that  provides  the 
following  outputs. 

Circuit  No.  1  Circuit  No.  2 


Control 

State 

Level 

Source 

Impedance 

Level 

Source 

Impedance 

ON 

0  volts  (gnd) 

0  ohms 

Open  Circuit 

Infinite 

OFF 

Open  Circuit 

Infinite 

Open  Circuit 

Infinite 

ON 

Open  Circuit 

Infinite 

0  volts  (gnd) 

0  ohms 

Circuit  No.  1  will  control  the  rotation  of  the  motor  in  one  direction, 
and  circuit  No.  2  will  control  the  rotation  of  the  motor  in  the  opposite 
direction.  In  the  OFF  condition,  the  motor  will  not  be  energized. 

B.  Elevation  IF  Gain  Control.  Radar 

Elevation  IF  gain  control  requirements  for  the  radar  are  the  same  as 
azimuth  IF  gain  control  requirements  for  the  radar. 

C.  Azimuth  IF  Gain  Control,  Indicator 

The  PAR  indicator  contains  a  potentiometer  for  controlling  the  IF  gain 
of  the  radar  set.  Since  a  voltage  corresponding  to  any  desired  position 
of  the  potentiometer  cannot  be  easily  transmitted  via  microwave,  the 
potentiometer  must  be  removed  from  the  indicator  and  replaced  by  a 
three -position  switch  which  can  control  via  microwave  a  motor  driven 
potentiometer  in  the  radar  set.  The  output  of  the  three-position  switch 
must  be  the  same  as  listed  for  the  VFC  receiver  for  azimuth  IF  gain 
control  (Item  A,  above).  The  switch  will  be  nonlocking  in  the  two  ON 
positions  and  will  return  to  the  center  (OFF)  position  when  released. 

D.  Elevation  IF  Gain  Control,  Indicator 

Elevation  IF  gain  control  requirements  for  the  indicator  are  the  same 
as  azimuth  IF  gain  control  requirements  for  the  indicator. 

3.  6  SUMMARY  OF  MICROWAVE  WEIGHT  AND  POWER 

REQUIREMENTS" - 

The  total  weight  and  power  requirements  of  the  microwave  equipment 
(derived  from  Table  3-3)  for  each  shelter  is  listed  below. 
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Shelter  Designation 

Microwave 
Equipment 
Weight  (lbs) 

Microwave 

Equipment 

Amps* 

Power 

Watts 

Search  radar  shelter 

920.  8 

14.  7 

2242 

Precision  approach 
radar 

(PAR)  shelter 

1006.  9 

18.  3 

2039 

Instrument  Flight 

Rules 

(IFR)  shelter 

1545.  0 

35.  1 

4118 

♦Assumes  single  phase  400  cps  power  source.  Current 
would  be  equally  divided  for  three  phase  source. 

The  above  weights  include  the  microwave  antenna(s)  and  supports 
which  total  more  than  350  pounds  for  each  shelter.  There  seems  to 
be  considerable  room  for  weight  reduction  here  by  using  lighter 
materials.  Not  included  in  the  above  is  the  weight  of  the  intercon¬ 
necting  cabling  to  associated  radar  equipment  and  between  racks, 
nor  the  weight  of  the  waveguide  from  the  RF  equipment  to  the  antenna. 


3.  7  MICROWAVE  EQUIPMENT  UTILIZATION 

The  microwave  equipment  is  utilized  to  form  two  single  hop  links, 
each  consisting  of  two  microwave  terminals  as  follows: 


Microwave  Link 
Designation 

Search  Microwave  Link 


PAR  Microwave  Link 


Location  of  Terminals 

Search  Radar 
IFR  Control  Center 

PAR  (Precision  Ap¬ 
proach  Radar) 

IFR  Control  Center 


Designation  of 
Terminals 

Search  Terminal 
IFR-Search  Terminal 

PAR  Terminal 


IFR -PAR  Terminal 


Each  of  the  two  microwave  links  consist  of  three  microwave  channels  - 
two  transmitted  from  the  radar  set  to  the  control  center,  and  one  trans¬ 
mitted  from  the  control  center  to  the  radar  set.  Each  micrpwave 
channel  will  be  utilized  to  remote  radar  data,  and/or  control  signals, 
and/or  voice  communications.  The  designation  and  {unction  of  these 
channels  are  as  shown  in  Table  3-4. 


Table  3-4.  Designation  and  function  of  microwave  channels 


Microwave  Link 
Designation 

Channel 

Designation 

Direction  of  Transmission 
From  To 

Functions 

Remoted 

IFR-Search  Link 

No.  1 

Search 

Radar 

IFR  Center 

Normal  video, 

MIT  (special) 
video,  System 
trigger,  antenna 
azimuth  data. 

No.  2 

Search 

Radar 

IFR  Center 

IFF  raw  video, 
radar  pretrigger , 
order  wire 
(voice) 

communications . 

No.  3 

IFR 

Center 

Search  Radar 

Beacon  trigger, 
radar  control 
signals,  order 
wire  (voice) 
communications . 

IFR-PAR  Link 

A 

PAR 

IFR  Center 

Normal  video, 
radar  trigger. 

B 

PAR 

IFR  Center 

Azimuth  and 
elevation  antenna 
data,  gate  signals 
order  wire 
(voice) 

communications . 

C 

IFR 

Center 

PAR 

Radar  control 
signals,  order 
wire  (voice) 
communications . 
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The  channels  for  the  IFR -Search  link  are  designated  by  numbers  and 
the  channels  for  the  IFR-PAR  link  are  designated  by  letters.  This 
procedure  is  employed  to  reduce  the  possibility  of  confusing  the  chan¬ 
nels  of  the  two  microwave  links.  Confusion  could  occur  at  the  control 
center  because  the  equipment  of  both  terminals  is  combined  in  common 
racks.  The  same  procedure  is  also  employed  for  the  FM  subcarrier 
channels  and  voice  frequency  carrier  (or  tone)  channels.  Equipment 
in  the  block  diagrams  and  in  the  rack  layout  is  also  designated  by  the 
appropriate  letters  or  numbers. 

3.  7.  1  IFR -SEARCH  MICROWAVE  LINK  EQUIPMENT  UTILIZATION 

The  following  tables  designate  the  manner  in  which  the  equipment  for 
the  IFR-search  microwave  link  is  utilized  to  meet  the  remoting  re¬ 
quirements  of  the  search  radar.  All  microwave,  subcarrier,  and 
VFC  channels  are  designated  by  numbers.  The  multiplex  equipment 
is  listed  following  the  microwave  receiver  or  transmitter  with  which 
it  is  associated.  Power  supplies  and  power  distribution  panels  are  not 
listed  since  they  are  not  directly  associated  with  signals. 


Table  3-5.  Search  terminal,  equipment  utilization 


Equipment 

Designation 

Associated  Signal(s) 

Microwave  Transmitter 

MW  XMTR  CH  Jl 

Composite  video,  trigger  and 
azimuth  signals. 

Subcarrier  Transmitter 

S.  C.  CH  1 

Resolver  reference 

Subcarrier  Transmitter 

S.  C.  CH  2 

Resolver  coarse  (IX) 

Subcarrier  Transmitter 

S.  C.  CH  3 

Resolver  fine  (10X) 

Video,  Video  and  Trigger 
Multiplexer 

VVT  MUX 

Normal  video,  MTI  (special) 
video,  system  trigger 

Microwave  Transmitter 

MW  XMTR  CH  2 

Composite  beacon  video,  pre- 
trigger  and  order  wire  signals 

Video  and  Trigger 

VT  MUX 

Pre -trigger,  beacon  video 

Multiplexer 

Order  wire  (transmitter) 

ORDER  WIRE 

Voice  Communications 

Microwave  Receiver 

MW  CH  3 

Composite  beacon  trigger, 
control,  and  order  wire 
signals. 

Trigger  Generator 

TRIGGER 

GENERATOR 

Beacon  Trigger 

Subcarrier  Receiver 

S.  C.  CH  4 

Composite  VFC  signals. 

Voice  Frequency  Carrier 
Receiver 

VFC  RCVR  CHI 

Normal  IF  Gain  Control 
(3  state) 

Voice  Frequency  Carrier 

VFC  RCVR  CH  2 

MTI  IF  Gain  Control  (3  state) 

Receiver 

Voice  Frequency  Carrier 
Receiver 

VFC  RCVR  CH  3 

Beacon  (IFF)  Receiver  Gain 
Control  (3  state) 

Voice  Frequency  Carrier 
Receiver 

VFC  RCVR  CH4 

STC  Gain  Control  (3  state) 

Voice  Frequency  Carrier 

VFC  RCVR  CH5 

FTC  IN-OUT  Control  (2  state) 

Receiver 
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Table  3-5.  Search  terminal,  equipment  utilisation  (continued) 


Equipment 


Designation 


Associated  Signal(s) 


Voice  Frequency  Carrier  VFC  RCVR  CH6  Circular  Polarization  IN-OUT 


Receiver 


Control  (2  state) 


Voice  Frequency  Carrier  VFC  RCVR  CH  7  Pulse  width  discriminator  IN- 


Receiver 


OUT  Control  (2  state) 


Voice  Frequency  Carrier  VFC  RCVR  CH8  STC  IN-OUT  Control  (2  state) 
Receiver 

Voice  Frequency  Carrier  VFC  RCVR  CH9  Noise  receiver.  Protects  other 


Receiver 


Order  Wire  (receiver) 
Monitor  Panel 


Precision  Variable 
Attenuator 


IFF  Gain  Control 
Adapter 


ORDER  WIRE 

MONITOR 

PANEL 


VFC  receiver  from  false  opera¬ 
tion  during  a  microwave  signal 
fade. 

Voice  Communications 

Composite  video  signals  to 
microwave  transmitters  or 
from  microwave  receiver. 


VARIABLE  All  RF  signals  from  transmitters 

ATTENUATOR  or  to  receiver.  Is  used  for  de¬ 
termining  signal  strength  margin. 

Same  as  IFF  receiver  gain  control  (output 

Equipment  of  VFC  RCVR  CH  3) 
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Table  3-6.  IFR- search  terminal,  equipment  utilization 


Equipment 

Designation 

Associated  Signal(s) 

Microwave  Receiver 

MW  RCVR  CH  1 

Composite  video  trigger  and 
azimuth  signals. 

Subcarrier  Receiver 

S.  C.  RCVR  CH  1 

Resolver  coarse  (1-X) 

Subcarrier  Receiver 

S.  C.  RCVR  CH  2 

Resolver  fine  (10X) 

Subcarrier  Receiver 

S.C.  RCVR  CH  3 

Resolver  reference 

Electronic  Control 
Amplifier 

ELECTRONIC 

CONTROL 

AMPL 

Reference,  coarse,  and  fine 
resolver  signal  inputs.  Error 
signal  to  synchro  assembly. 

Synchro  Assembly 

SYNCHRO 

ASSEMBLY 

One  speed  synchro  data  output. 

Video,  video,  and  Trigger 
Demultiplexer 

VVT  DEMUX 

Normal  video,  MTI  (special) 
video,  system  trigger 

Microwave  Receiver 

MW  RCVR  CH  2 

Composite  beacon  video,  pre¬ 
trigger  and  order  wire  signals. 

Video  and  Trigger 
Demultiplexer 

VT  DEMUX 

Pre -trigger  and  beacon  (IFF) 
video. 

Order  Wire  (Receiver) 

ORDER  WIRE 

Voice  Communications 

Microwave  Transmitter 

MW  XMTR  CH  3 

Composite  beacon  trigger, 
control,  and  order  wire  signals 

Video  and  Trigger 
Multiplexer 

VT  MUX 

Beacon  Trigger 

Subcarrier  Transmitter 

S.C.  XMTR  CH 4 

Combined  VFC  (tone  control) 
signals. 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  1 

Normal  IF  gain  control  (3 
state) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  2 

MTI  IF  gain  control  (3  state) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  3 

Beacon  (IFF)  Receiver  Gain 
control  (3  state) 

Table  3-6.  IFR-search  terminal,  equipment  utilization  (continued) 


Equipment 

Designation 

Associated  Signal(s) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  4 

STC  Gain  Control  (3  state) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  5 

FTC  IN-OUT  Control  (2  state) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  6 

Circular  Polarization  IN-OUT 
control  (2  state) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  7 

Pulse  Width  Discriminator  IN- 
OUT  control  (2  state) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  8 

STC  IN-OUT  control  (2  state) 

Order  Wire  (Transmitter) 

ORDER  WIRE 

Voice  Communications 

Monitor  Panel 

MONITOR 

PANEL 

Composite  video  signals  to 
microwave  transmitter  or 
from  microwave  receivers. 

3,  7.  2  IFR-PAR  MICROWAVE  LINK  EQUIPMENT  UTILIZATION 

The  following  tables  designate  the  manner  in  which  the  equipment  for  the 
IFR-PAR  microwave  link  is  utilized  to  meet  the  r emoting  requirements 
of  the  precision  approach  radar.  All  microwave,  subcarrier,  and  VFC 
channels  are  designated  by  letters.  The  multiplex  equipment  is  listed 
following  the  microwave  receiver  or  transmitter  with  which  it  is  associated. 
Power  supplies  and  power  distribution  panels  are  not  listed  since  they  are 
not  directly  associated  with  signals. 


Table  3-7 


Equipment 

Microwave  Transmitter 

Video  and  Trigger 
Multiplexer 

Microwave  Transmitter 

Subcarrier  Transmitter 

Analog  Data  Transmitter 
Subcarrier  Transmitter 

Analog  Data  Transmitter 
Subcarrier  Transmitter 

Analog  Data  Transmitter 
Subcarrier  Transmitter 

Analog  Data  Transmitter 
Subcarrier  Transmitter 
Subcarrier  Transmitter 
Gate  Signal  Converter 

Order  Wire  (Transmitter) 

Subcarrier  Transmitter 

Voice  Frequency  Carrier 
(Tone)  Transmitter 


terminal,  equipment  utilization 

Designation  Associated  Signal(s) 

MW  XMTR  CH  A  Composite  video  and  trigger 

signals. 

VT  MUX  Normal  video,  radar  trigger 


MW  XMTR  CH  B  Composite  azimuth,  elevation, 

gate,  control  and  order  wire 
signals 

S.  C.  XMTR  CH  A  Azimuth  scan  position  of 

azimuth  scan  antenna 

AD  XMTR  A  Same  as  above 

S,  C.  XMTR  CH  B  Elevation  (tilt)  position  of 
azimuth  scan  antenna 

AD  XMTR  B  Same  as  above 

S.  C.  XMTR  CH  C  Elevation  scan  position  of 
elevation  scan  antenna 

AD  XMTR  C  Same  as  above 

S.  C.  XMTR  CH  D  Azimuth  position  of  eleva¬ 
tion  scan  antenna 

AD  XMTR  D  Same  as  above 

S.  C.  XMTR  CH  E  Unblanking  gate 

S.  C.  XMTR  CH  F  Relay  gate 

GATE  SIGNAL  Unblanking  gate  and  relay 

CONVERTER  gate 

ORDER  WIRE  Voice  Communications 

S.  C.  XMTR  CH  G  H.  V.  ON-OFF  readback 

VFC  XMTR  CH  L  Same  as  above 
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Table  3-7.  PAR  terminal,  equipment  utilization  (continued) 


Equipment 
Microwave  Receiver 


Subcarrier  Receiver 


Voice  Frequency  Carrier 
Receiver 

Voice  Frequency  Carrier 
Receiver 

Voice  Frequency  Carrier 
Receiver 

Voice  Frequency  Carrier 
Receiver 

Voice  Frequency  Carrier 
Receiver 

Voice  Frequency  Carrier 
Receiver 

Voice  Frequency  Carrier 
Receiver 

Voice  Frequency  Carrier 
Receiver 

Voice  Frequency  Carrier 
Receiver 

Voice  Frequency  Carrier 
Receiver 

Voice  Frequency  Carrier 
Receiver 


Designation 

Associated  Signal(s) 

MW  RCVR  CH  C 

Composite  VFC  and  order 
wire  signals 

S.C.  RCVR  CH  H 

Composite  VFC  (Tone  con¬ 
trol)  signals 

VFC  RCVR  CH  A 

Azimuth  IF  gain  control  (3 
state) 

VFC  RCVR  CH  B 

Elevation  IF  gain  control 
(3  state) 

VFC  RCVR  CH  C 

Azimuth  scan  elevation 
(tilt)  control  (3  state) 

VFC  RCVR  CH  D 

Elevation- scan  azimuth 
control  (3  state) 

VFC  RCVR  CH  E 

High  Voltage  ON-OFF 
control (2  state) 

VFC  RCVR  CH  F 

Elevation  scan  mode 
(2  state) 

VFC  RCVR  CH  G 

Azimuth  scan  mode 
(2  state) 

VFC  RCVR  CH  H 

FTC  ON-OFF  (2  state) 

VFC  RCVR  CH  J 

STC  ON-OFF  (2  state) 

VFC  RCVR  CH  K 

Antenna  Scan  ON-OFF 
control  (2  state) 

VFC  RCVR  CH  M 

Noise  receiver;  protects 
other  VFC  receivers  from 
false  operation  during  a 
microwave  signal  fade. 

3-62 


Table  3-7.  PAR  terminal,  equipment  utilisation  (continued) 


Equipment 

Order  Wire  (Receiver) 
Monitor  Panel 


Precision  Variable 
Attenuator 


Designation 
ORDER  WIRE 


Associated  Signal(s) 
Voice  Communications 


MONITOR  PANEL  Composite  video  signals  to 

microwave  transmitters  or 
from  microwave  receiver 


VARIABLE 

ATTENUATOR 


All  RF  signals  to  or  from 
microwave  receiver  or 
transmitters.  Used  for 
determining  signal  strength 
margin. 
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Table  3-8.  IFR-PAR  terminal,  equipment  utilization 


Equipment 

Designation 

Associated  Signal(s) 

Microwave  Receiver 

MW  RCVR  CH  A 

Composite  video  and  trigger 
signals  (PAR). 

Video  and  Trigger 
Demultiplexer 

VT  DEMUX 

Normal  Video,  Trigger 

Microwave  Receiver 

MW  RCVR  CH  B 

Composite  subcarrier 
channels  carrying  antenna 
azimuth  and  elevation  data, 
gate  signals,  and  order 
wire  communications 

Subcarrier  Receiver 

S.  C.  RCVR  CH  A 

Azimuth  position  of  azimuth 
scan  antenna 

Analog  Data  Receiver 

AD  RCVR  A 

Same  as  above 

Subcarrier  Receiver 

S.C.  RCVR  CH  B 

Elevation  (tilt)  position  of 
azimuth  scan  antenna 

Analog  Data  Receiver 

AD  RCVR  B 

Same  as  above 

Subcarrier  Receiver 

S.C.  RCVR  CH  C 

Elevation  position  of 
elevation  scan  antenna 

Analog  Data  Receiver 

AD  RCVR  C 

Same  as  above 

Subcarrier  Receiver 

S.C.  RCVR  CH  D 

Azimuth  position  of  eleva¬ 
tion  scan  antenna 

Analog  Data  Receiver 

AD  RCVR  D 

Same  as  above 

Subcarrier  Receiver 

S.  C.  RCVR  CH  E 

Unblanking  Gate 

Subcarrier  Receiver 

S.C.  RCVR  CH  F 

Relay  Gate 

Gate  Generator 

GATE  GENERATOR 

Unblanking  Gate  and  Relay 
Gate 

Subcarrier  Receiver 

S.C.  RCVR  CH  G 

H.V.  ON-OFF  Readback 

Voice  Frequency  Receiver 

VFC  RCVR  CH  L 

Same  as  above 

Voice  Frequency  Receiver 

VFC  RCVR  CH  M 

Noise  receiver.  Protects 
other  VFC  receivers  from 
false  operation  during  a 
microwave  signal  fade. 
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Table  3-8.  IFR-PAR  terminal,  equipment  utilization  (continued) 


Equipment 

Designation 

Associated  Signal(s) 

Order  Wire  (receiver) 

ORDER  WIRE 

Voice  Communication 

Microwave  Transmitter 

MW  XMTR  CH  C 

Composite  VFC  (Tone  Con¬ 
trol)  and  order  wire  signals 

Subcarrier  Transmitter 

S.  C.  XMTR  CH  H 

Combined  VFC  (Tone  Con¬ 
trol)  signals 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  A 

Azimuth  IF  Gain  Control 
(3  state) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  B 

Elevation  IF  Gain  Control 
(3  state) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  C 

Azimuth  Scan  Elevation 
(tilt)  control  (3  state) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  D 

Elevation  Scan  Azimuth 
control  (3  state) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  E 

High  Voltage  ON-OFF 
control  (3  state) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  F 

Elevation  Scan  Mode 
(2  state) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  G 

Azimuth  Scan  Mode 
(2  state) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  H 

FTC  ON-OFF  (2  state) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  J 

STC  ON-OFF  (2  state) 

Voice  Frequency  (Tone) 
Transmitter 

VFC  XMTR  CH  K 

Antenna  Scan  ON-OFF 
control  (2  state) 

Order  Wire  (Transmitter) 

ORDER  WIRE 

Voice  Communications 

Monitor  Panel 

MONITOR  PANEL 

Composite  video  signals  to 
microwave  transmitter  or 
from  microwave  receivers 
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3.  a  BLOCK  DIAGRAMS  AND  DISCUSSION 


The  block  diagrams  of  the  IFR-Search  microwave  link  and  the 
IFR-PAR  microwave  link  are  shown  in  Figures  3-1  and  3-2 
respectively.  Each  block  diagram  shows  the  complete  microwave 
link  rather  than  the  individual  shelter  installations  in  order  to 
provide  a  more  complete  picture  of  the  function  of  the  microwave 
remoting  system.  Also  shown  are  the  associated  junction  boxes, 
radar,  control,  and  indicating  equipment.  Since  remoting  via 
either,  cable  or  microwave  is  required,  the  cable  connection  be¬ 
tween  shelters  to  the  microwave- cable  junction  boxes  is  shown. 

The  junction  box  routes  the  signals  to  or  from  the  remoting  cable 
or  the  microwave,  depending  upon  which  mode  of  operation  is 
employed.  It  should  be  remembered  that  both  microwave  links 
have  terminals  at  the  IFR  control  center  and  both  of  these 
terminals  are  contained  in  common  racks  and  also  share  some 
common  items  of  equipment. 

3.8.1  IFR-SEARCH  MICROWAVE  LINK 

The  IFR-Search  Microwave  Link  remotes  the  functions  of  the 
search  radar  over  radio  line-of-sight  distances  up  to  15  miles. 
The  microwave  link  block  diagram  will  be  discussed  according 
to  the  signals  transmitted  over  the  individual  microwave  channels. 
All  microwave,  subcarrier,  and  VFC  channels  are  designated  by 
numbers. 

A.  Microwave  Channel  Number  1 

Microwave  Channel  No.  1  is  used  to  remote  antenna  azimuth 
data,  normal  video,  MTI  (special)  video  and  system  trigger 
which  originate  at  the  search  radar;  The  antenna  azimuth  data 
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is  obtained  from  the  radar  in  the  form  of  three  resolver  signals, 
coarse,  fine,  and  reference.  All  resolver  signals  are  426.6  cps 
sine  waves,  and  the  fine  and  coarse  signals  are  shifted  in  phase 
relative  to  the  reference  according  to  the  azimuth  position  of 
the  radar  antenna.  These  three  signals  gc<  to  the  cable/microwave 
junction  box  in  which  they  are  routed  to  the  three  subcarrier 
transmitters  for  subcarrier  channels  1,  2,  and  3.  The  sub¬ 
carrier  transmitters  are  frequency  modulated  by  the  resolver 
tones,  and  the  outputs  of  the  S.  C.  transmitters  are  combined 
with  the  VVT  multiplexer  output  to  modulate  the  channel  1 
microwave  transmitter.  The  normal  video,  MTI  (special) 
video  and  system  trigger  are  obtained  from  the  radar  indicator 
and  radar  receiver  and  go  to  the  junction  box  in  which  they  are 
routed  to  the  VVT  multiplexer  where  the  normal  video  and  trigger 
are  combined  to  form  a  bipolar  signal  and  the  MTI  video  modulates 
a  subcarrier  which  is  combined  with  the  bipolar  signal  to  give  a 
single  output  signal.  The  output  of  the  VVT  multiplexer  is 
combined  with  the  outputs  of  the  three  subcarrier  transmitters 
for  modulation  of  channel  1  microwave  transmitter.  The  composite 
video  signal  is  routed  through  the  monitor  panel  before  being 
applied  to  channel  1  transmitter.  The  transmitter  is  also  modu¬ 
lated  by  an  internal  7.  0  Me  alarm  transmitter.  Figure  3-3A 
shows  how  the  various  signals  are  combined  on  channel  1  video 
baseband.  The  output  of  the  transmitter  is  applied  to  a  common 
waveguide  which  goes  to  the  antenna.  The  variable  attenuator 
in  the  waveguide  is  used  for  determining  fade  margin  and  is 
normally  set  to  zero. 

At  the  IFR  control  center,  the  microwave  antenna  for  the  IFR-search 
terminal  picks  up  the  channel  1  microwave  signal  which  is  routed 
via  a  common  waveguide  to  channel  1  microwave  receiver.  The 
receiver  demodulates  the  signal  which  is  then  routed  via  the 
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monitor  panel  to  channels  1,  2,  and  3  subcarrier  receivers  and  the 
VVT  demultiplexer.  The  subcarrier  receivers  separate  the 
respective  subcarrier  signals,  amplify  and  demodulate  them  and 
provide  resolver  coarse,  fine,  and  reference  outputs.  The  three 
resolver  signals  then  go  to  microwave/cable  junction  box  from 
which  they  are  routed  to  the  electronic  control  amplifier  which 
generates  error  signals  to  control  the  synchro  assembly.  The 
synchro  assembly  provides  1  speed  synchro  output  which 
corresponds  to  the  azimuth  position  of  the  search  radar  antenna. 
The  synchro  output  is  applied  to  the  PPI  indicators  and  the  auto¬ 
matic  tracking  unit. 

It  should  be  noted  that  the  electronic  control  amplifier  and  synchro 
assembly  will  also  operate  with  resolver  signals  received  via 
cable.  When  operating  via  cable,  these  items  are  independent  of 
the  remainder  of  the  microwave  equipment. 

The  VVT  demultiplexer  filters  the  bipolar  video  from  channel  1 
composite  video  signal  and  provides  separate  normal  video  and 
trigger  outputs.  It  also  separates  and  demodulates  the  modulated 
carrier  containing  MTI  video  and  provides  this  at  a  separate 
output.  These  three  signals  then  go  to  the  junction  box  where  they 
are  routed  to  the  PPI  indicators  and  the  automatic  tracking  unit. 

B.  Microwave  Channel  Number  2 

Microwave  Channel  Number  2  is  used  to  remote  IFF  video,  pre¬ 
trigger,  and  order  wire  (voice)  communications  which  originate 
at  the  search  radar.  The  IFF  video  is  obtained  from  the  IFF 
receiver  and  the  pre-trigger  is  obtained  from  the  radar  receiver. 
These  two  signals  go  to  the  junction  box  from  which  they  are 
routed  to  the  VT  multiplexer.  The  VT  multiplexer  combines  the 
IFF  video  and  pre-trigger  into  a  composite  bipolar  signal.  The 


order  wire  unit  has  a  microphone  input  which  is  used  to  frequency 
modulate  the  order  wire  transmitter.  The  outputs  of  the  VT 
multiplexer  and  the  order  wire  transmitter  are  combined  to  form  a 
composite  video  signal  which  is  routed  through  the  monitor  panel  and 
used  to  modulate  channel  2  microwave  transmittet.  The  transmitter 
is  also  modulated  by  a  7.  0  Me  alarm  transmitter.  Figure  3-3B 
shows  how  the  various  signals  are  combined  on  channel  2  video 
baseband.  The  output  is  applied  to  the  common  waveguide  to  the 
microwave  antenna. 

At  the  IFR  control  center,  the  microwave  antenna  for  the  IFR- search 
terminal  picks  up  the  channel  2  microwave  signal  which  is  routed 
via  the  common  waveguide  to  channel  2  microwave  receiver.  The 
receiver  demodulates  the  signal  which  is  then  routed  via  the  monitor 
panel  to  the  VT  demultiplexer  and  the  order  wire  unit.  The  VT  de¬ 
multiplexer  filters  the  bipolar  video  from  channel  2  composite  video 
signal  and  provides  separate  IFF  video  and  pre-trigger  outputs  which 
are  routed  through  the  microwave/ cable  junction  box  to  the  IFF 
equipment.  The  order  wire  receiver  separates  the  fm  order  wire 
signal  from  the  composite  video,  demodulates  it,  and  provides  an 
audible  output  from  a  self  contained  speaker.  The  7.  0  Me  alarm 
signal  is  monitored  by  an  alarm  receiver  included  in  the  microwave 
receiver.  If  the  alarm  signal  is  lost  due  to  channel  failure  or  if 
channel  noise  becomes  excessive,  an  alarm  will  be  initiated. 

Microwave  Channel  Number  3  is  used  to  remote  order  wire,  beacon 
(IFF)  trigger,  and  search  radar  control  signals  which  originate  at 
the  IFR  control  center.  The  beacon  trigger  originates  at  the 
coder -synchronizer  and  is  routed  through  the  junction  box  to  the 
VT  multiplexer,  the  video  portion  of  which  is  used  as  an  impedance 
matching  and  level  control  device,  and  the  output  is  combined  with 
the  order  wire  and  subcarrier  signals.  The  voice  input  to  the  order 
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wire  originates  from  an  attached  microphone,  and  the  fm  output  of 
the  order  wire  transmitter  is  combined  with  the  beacon  trigger  and 
subcarrier  signals.  The  eight  control  signals  originate  at  the 
search  radar  function  control  panel.  Each  of  the  control  signals  is 
routed  through  the  microwave/cable  junction  box  to  separate  VFC 
(tone)  transmitters,  channels  1  through  8.  Each  VFC  transmitter 
generates  a  tone  which  is  frequency  shift  keyed  according  to  the 
control  input.  All  VFC  transmitter  channels  are  on  different 
frequency  bands,  and  the  outputs  are  combined  and  used  to 
modulate  subcarrier  transmitter,  channel  4.  The  subcarrier 
output  is  combined  with  the  beacon  trigger  and  order  wire  signals 
and  the  resulting  composite  video  signal  is  routed  through  the 
monitor  panel  to  channel  3  microwave  transmitter.  The  trans¬ 
mitter  is  modulated  by  the  composite  video  signal  and  an  internal 
7.  0  Me  alarm  transmitter.  Figure  3-3C  shows  how  the  various 
signals  are  combined  on  channel  3  video  baseband.  The  output 
of  the  transmitter  is  applied  to  a  common  waveguide  which  goes 
to  the  IFR-search  terminal  microwave  antenna. 

At  the  search  radar  terminal  the  microwave  antenna  picks  up  the 
channel  3  microwave  signal  which  is  routed  via  the  common 
waveguide  to  channel  3  microwave  receiver.  The  composite  video 
output  of  the  receiver  is  routed  through  the  monitor  panel  to  the 
order  wire,  trigger  generator,  and  subcarrier  receiver  channel  4. 

The  order  wire  receiver  separates  its  assigned  frequency  from  the 
composite  video,  demodulates  it,  and  provides  an  audible  output 
from  a  self  contained  speaker.  The  trigger  generator  filters  the 
beacon  trigger  signal  from  the  composite  video  and  regenerates  the 
beacon  trigger  which  is  routed  via  the  junction  box  to  the  IFF  trans¬ 
mitter.  The  receiver  for  subcarrier  channel  4  separates  the  fm 
subcarrier  signal  from  the  composite  video  and  provides  an  output 


which  consists  of  the  eight  combined  VFC  (tone)  signals.  The  com¬ 
bined  VFC  signals  are  applied  to  VFC  receivers,  channels  1 
through  9.  VFC  receivers  1  through  8  separate  their  respective 
tones  and  control  signals  and  provide  outputs  in  the  form  of  contact 
closures.  The  control  signals  are  either  two  state  or  three  state 
signals.  Two  state  signals  provide  ON-OFF  control  and  three  state 
signals  provide  ON-OFF-ON  control  for  slewing  motor  driven  gain 
control  pots.  Ail  control  signals  go  via  the  junction  box  directly 
to  the  radar  set  except  for  the  IFF  gain  control  which  goes  to  an 
adapter  containing  a  motor  driven  potentiometer  for  control  of  the 
IFF  receiver  gain.  Channel  9  VFC  receiver  monitors  noise  on  the 
subcarrier  output  and  prevents  false  operation  of  the  controls  if  the 
noise  becomes  excessive. 

3.8.2  IFR-PAR  MICROWAVE  LINK 

The  IFR-PAR  microwave  link  remotes  the  functions  of  the  precision 
approach  radar  over  radio  line-of-sight  distances  up  to  5  miles.  The 
microwave  link  block  diagram  will  be  discussed  according  to  the 
signals  transmitted  over  the  individual  microwave  channels.  All 
microwave,  subcarrier  and  VFC  channels  are  designated  by  letters. 

A.  Microwave  Channel  A 

Microwave  channel  A  is  used  to  remote  radar  video  and  trigger 
which  originate  at  the  PAR  -  Video  and  trigger  are  obtained  from 
the  receiver -transmitter  unit,  and  are  routed  through  the  microwave/ 
cable  junction  box  to  the  VT  multiplexer  where  they  are  combined  into 
a  composite  bipolar  signal  which  is  routed  through  the  monitor  panel 
to  channel  A  microwave  transmitter.  The  transmitter  is  modulated 
by  the  composite  video  and  an  internal  7.  0  Me  alarm  transmitter.  ' 
Figure  3-4A  shows  how  the  various  signals  are  combined  on  channel 
A  video  baseband.  The  transmitter  is  frequency  modulated  and  the 


output  goes  through  a  common  waveguide  and  variable  attenuator 
to  the  microwave  antenna. 

At  the  IFR  control  center,  the  microwave  antenna  for  the  IFR-PAR  termi¬ 
nal  picks  up  the  channel  A  microwave  signal  which  is  routed  via  a  common 
waveguide  to  the  channel  A  microwave  receiver.  The  signal  is  ampli¬ 
fied  and  demodulated  and  the  composite  video  output  is  routed  via  the 
monitor  panel  to  the  VT  demultiplexer  which  provides  separate  video 
and  trigger  outputs.  The  video  and  trigger  are  then  routed  through  the 
microwave/cable  junction  box  and  to  the  azimuth- elevation  indicators. 

B.  Microwave  Channel  B 

Microwave  channel  B  is  used  to  remote  azimuth  and  elevation  antenna 
position,  gate  signals,  order  wire  communications,  and  a  control 
signal.  The  azimuth  and  elevation  antenna  positions  in  the  form  of 
continuously  variable  dc  voltages  are  obtained  from  the  radar  set  and  rout¬ 
ed  through  the  junction  box  to  analog  data  (AD)  transmitters  A  through 
D.  The  analog  data  transmitters  convert  the  dc  voltages  into  signals 
suitable  for  transmission  via  subcarrier  channels.  The  AD  transmitter 
outputs  modulate  channels  A  through  D  subcarrier  transmitters.  The 
two  gate  signals  in  the  form  of  switched  dc  levels  are  obtained  from 
the  receiver-transmitter,  routed  through  the  junction  box  and  applied 
to  the  gate  signal  converter  in  which  they  are  converted  into  a  form 
suitable  for  transmission  via  subcarrier  transmitters. 

The  voice  input  to  the  order  wire  originates  from  an  attached  micro¬ 
phone  and  the  transmitter  provides  an  fm  output  signal.  The  control 
signal  (high  voltage  ON-OFF)  originates  at  the  receiver-transmitter 
and  is  routed  through  the  junction  box  to  VFC  transmitter  channel  L 
where  it  is  converted  to  a  fsk  tone  which  is  applied  to  subcarrier 
transmitter,  channel  G,  which  in  turn  provides  an  fm  subcarrier 
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output.  The  outputs  of  subcarrier  transmitters  A  through  G  and  the 
order  wire  are  combined  and  routed  through  the  monitor  panel  to  channel 
B  microwave  transmitter.  The  transmitter  is  modulated  by  the  combined 
signals  and  an  internal  7.  0  Me  alarm  transmitter.  Figure  3-4B  shows 
how  the  various  signals  are  combined  on  channel  B  video  baseband. 

The  transmitter  is  frequency  modulated  and  the  output  goes  through  a 
common  waveguide  and  variable  attenuator  to  the  microwave  antenna. 

At  the  IFR  control  center,  the  microwave  antenna  for  the  IFR-PAR 
terminal  picks  up  the  channel  B  microwave  signal  which  is  routed 
via  the  common  waveguide  to  the  channel  B  microwave  receiver. 

The  signal  is  amplified  and  demodulated  and  the  composite  video 
output  is  routed  v4a  the  monitor  panel  to  channels  A  through  G  sub¬ 
carrier  receivers,  and  the  order  wire  unit.  Subcarrier  receivers 
A  through  D  demodulate  the  signals  on  their  assigned  frequencies 
and  the  outputs  are  applied  to  analog  data  receivers  A  through  D 
respectively.  The  outputs  of  the  analog  data  receivers  are  the  dc 
voltages  representing  the  azimuth  and  elevation  antenna  positions. 

These  dc  voltages  are  routed  through  the  junction  box  to  the  azimuth- 
elevation  indicators. 

Subcarrier  receivers  E  and  F  demodulate,  the  signals  on  their  assigned 
frequencies  and  the  outputs  are  applied  to  the  gate  generator  which 
regenerates  the  original  gate  signals.  The  gate  signals  are  routed 
through  the  junction  box  to  the  azimuth  elevation  indicators.  Sub¬ 
carrier  receiver  G  demodulates  the  signal  on  its  assigned  frequency 
and  the  output  consists  of  a  fsk  tone  which  is  applied  to  VFC  receiver 
channel  L,  the  output  of  which  is  a  two  state  control  signal  (high 
voltage  ON-OFF  indication).  The  control  signal  is  routed  via  the 
junction  box  to  the  azimuth  elevation  indicators.  VFC  receiver 
channel  M  monitors  noise  on  subcarrier  channel  G  and  prevents 
false  operation  of  channel  L  VFC  receiver  control  output  when  the 
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noise  is  excessive.  The  order  wire  receiver  demodulates  the  signal 
on  its  assigned  frequency  and  provides  an  audible  output  from  a  self- 
contained  speaker. 

C.  Microwave  Channel  C 

Microwave  channel  C  is  used  to  remote  order  wire  communications 
and  radar  control  signals  which  originate  at  the  1FR  control  center- 
Voice  input  to  the  order  wire  originates  from  an  attached  micro¬ 
phone  which  modulates  the  order  wire  transmitter  to  give  an  fm 
output  signal.  All  of  the  10  control  signals  are  obtained  from  the 
azimuth-elevation  indicators  from  which  six  are  routed  via  the 
az.  -el.  junction  box  and  four  are  routed  directly  to  the  microwave/ 
cable  junction  box.  From  the  microwave/cable  junction  box,  each 
of  the  ten  control  signals  are  applied  to  separate  VFC  (tone)  trans¬ 
mitters.  The  output  of  VFC  transmitters  are  fsk  tones  on  different 
frequency  bands.  The  tones  are  combined  and  applied  to  channel  H 
subcarrier  transmitter,  the  output  of  which  is  combined  with  the 
order  wire  signal  routed  via  the  monitor  panel  to  channel  C  micro- - 
wave  transmitter.  The  transmitter  is  modulated  by  the  combined 
signals  and  an  internal  7.  0  Me  alarm  transmitter.  Figure  3-4C 
shows  how  the  various  signals  are  combined  on  channel  C  video 
baseband.  The  frequency  modulated  output  of  the  transmitter  goes 
through.a  common  waveguide  to  the  microwave  antenna  for  the. 
IFR-PAR  microwave  terminal. 

At  the  precision  approach  radar,  the  microwave  antenna  picks  up 
the  channel  C  microwave  signal  which  is  routed  via  the  common 
waveguide  to  the  channel  C  microwave  receiver.  The  signal  is 
amplified  and  demodulated  and  the  composite  video  output  is  routed 
via  the  monitor  panel  to  the  order  wire  receiver  and  channel  H  subcar¬ 
rier  receiver.  The  order  wire  demodulates  the  signal  on  its  assigned 
frequency  providing  an  audio  output  from  a  self-contained  speaker. 
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Channel  H  subcarrier  receiver  demodulates  the  signal  on  its  assigned 
frequency  and  provides  an  output  consisting  of  the  combined  VFC 
tones.  The  combined  VFC  signals  are  applied  to  VFC  receivers  A 
through  K,  each  of  which  demodulates  the  tone  signals  in  its  assigned 
band  and  provides  control  outputs  which  are  routed  through  the 
microwave/cable  junction  box  and  the  remote/local  transfer  circuits 
to  the  radar  set.  The  7.  0  Me  alarm  signal  is  monitored  by  an  alarm 
receiver  included  in  the  microwave  receiver.  If  the  alarm  signal  is 
lost  due  to  channel  failure  or  if  channel  noise  becomes  excessive  an 
alarm  will  be  initiated. 

3.  9  EQUIPMENT  LAYOUT  AND  DESCRIPTION  OF  MICROWAVE 


The  following  paragraphs  discuss  the  equipment  layout  at  each  of  the 
microwave  groups.  All  equipment  is  mounted  in  19-inch  racks  which 
pivot  on  the  left  side  and  rotate  at  least  90  degrees  about  a  vertical 
axis  to  allow  maintenance  to  be  performed  on  the  equipment  from  the 
rear  of  the  rack.  The  racks  are  mounted  on  shocks  attached  to  the 
ceiling  and  floor  of  the  shelter.  The  figures  showing  the  equipment 
layout  (front  view)  do  not  show  the  racks  or  the  required  spacing 
between  the  racks.  The  spacing  between  racks  or  other  obstructions 
must  be  adequate  to  allow  clearance  by  the  microwave  equipment 
when  the  rack  is  rotated. 

3.  9-  1  SEARCH  MICROWAVE  TERMINAL  LAYOUT 

The  suggested  rack  layout  of  the  search  microwave  terminal  is 
shown  in  Figure  3-5.  The  equipment  is  contained  in  two  racks. 
Profile  views  of  Racks  1  and  2  are  shown  in  Figures  3-6  and  3-7 
respectively. 
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At  the  top  of  rack  1 ,  the  microwave  attenuator  is  mounted  in  a  frame 
which  is  in  turn  mounted  on  the  rack.  One  end  of  the  attenuator  is 
attached  to  the  common  waveguide  from  the  microwave  receiver 
and  transmitters.  The  opposite  end  of  the  attenuator  is  attached 
to  the  waveguide  going  to  the  microwave  antenna.  A  cross  guide 
coupler  is  inserted  in  the  waveguide  at  a  point  which  is  most  con¬ 
venient  for  making  tests.  The  waveguide  from  the  attenuator  passes 
through  a  hole  at  the  pivot  point  of  the  rack,  allowing  the  rack  to 
rotate  about  the  waveguide.  A  rotary  joint  or  a  flexible  section 
must  be  used  in  the  waveguide  to  allow  the  rack  to  rotate.  A 
section  of  flexible  waveguide  is  preferable  if  space  is  available. 

The  two  microwave  transmitters  and  the  receiver  are  mounted 
beneath  the  attenuator.  These  units  are  coupled  to  the  common 
waveguide,  each  section  of  which  forms  an  integral  part  of  the 
receiver  or  transmitter. 

Beneath  the  microwave  receiver  and  transmitters  is  space  for  the 
IFF  receiver/transmitter.  The  IFF  gain  control  adapter  which 
adapts  the  IFF  receiver  for  remote  gain  control  via  microwave  is 
mounted  directly  beneath  the  IFF  receiver/transmitter.  The  RF 
power  supply  which  supplies  regulated  dc  to  the  microwave  receiver 
and  transmitters  is  mounted  beneath  the  gain  control  adapter. 

At  the  bottom  of  the  rack  is  the  blower.  This  unit  provides  air  to 
the  microwave  receiver  and  transmitters  via  an  air  duct  which  is 
attached  to  the  left  side  of  the  rack.  The  blower  is  mounted  at  the 
bottom  of  the  rack  in  order  to  pick  up  cooler  air  near  the  floor. 

This  location  is  desirable  but  not  essential,  since  a  great  deal  of 
cooling  is  not  required. 

At  the  top  of  rack  2  is  the  order  wire  unit  which  is  used  for  voice 


communications  to  the  opposite  microwave  terminal.  Underneath 
the  order  wire  is  the  VVT  and  VT  multiplexers  respectively.  These 
units  multiplex  video  and  trigger  signals  for  modulation  of  the 
microwave  transmitters.  Underneath  the  VT  multiplexer  is  the 
demultiplexer  and  trigger  generator  which  regenerates  the  beacon 
(IFF)  trigger.  Following  the  trigger  generator  is  the  monitor  panel 
which  is  used  to  monitor  or  transfer  the  composite  video  signals  to 
the  transmitters  and  monitor  the  composite  video  signal  from  the 
receiver. 

Below  the  monitor  panel,  a  blank  panel  is  inserted  to  cover  a  vacant 
space  in  the  rack.  Beneath  this  is  the  subcarrier  transmitter  frame 
which  contains  the  three  subcarrier  (S.  C.  )  transmitters  for  sub¬ 
carrier  channels  1,  2,  and  3  which  are  used  for  transmitting  antenna 
azimuth  data.  Directly  beneath  the  subcarrier  transmitter  frame  is 
the  subcarrier  receiver  frame  which  contains  the  subcarrier  receiver 
for  subcarrier  channel  4  used  for  receiving  combined  VFC  control 
signals.  Next  is  the  VFC  frame  which  contains  the  VFC  (tone) 
receivers  that  provide  control  signals  to  the  radar.  Below  the  VFC 
frame  is  the  power  distribution  panel  which  distributes  and  controls 
primary  power  to  the  units  requiring  it.  A  blank  panel  is  located 
beneath  the  power  distribution  panel  to  fill  vacant  rack  space. 

At  the  bottom  of  the  rack,  two  multiplex  power  supplies  are  located 
to  provide  ac  and  dc  voltages  for  the  multiplex  equipment. 

3.  9.  2  FAR  MICROWAVE  TERMINAL  LAYOUT 

The  suggested  rack  layout  of  the  PAR  microwave  terminal  is  shown 
in  Figure  3-8.  The  equipment  is  contained  in  two  racks.  Profile 
views  on  racks  1  and  2  are  shown  in  Figures  3-?9  and  3-10  respectively. 
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Figure  3-9.  PAR  Microwave  Terminal  Profile  Rack  No.  1 


Figure  3-10.  PAR  Microwave  Terminal,  Profile  Rack  No.  2 


At  the  top  of  rack  one,  the  microwave  attenuator  and  frame,  two 
microwave  transmitters,  and  a  microwave  receiver  are  mounted 
in  the  same  manner  as  the  same  units  in  rack  1  at  the  Bearch 
microwave  terminal  previously  discussed.  Next,  from  top  to 
bottom,  follow  a  blank  panel,  monitor  panel,  power  distribution 
panel,  VT  multiplexer,  and  another  blank  panel,  the  function  of 
which  is  the  same  as  items  previously  discussed.  The  next  item 
is  the  gate  signal  converter  which  converts  two  gate  signals  into 
forms  suitable  for  transmission  via  microwave.  At  the  bottom  of 
the  rack  are  the  rf  power  supply  and  the  blower,  the  functions  of 
which  are  the  same  as  in  rack  1  of  the  search  microwave  terminal. 

In  rack  two  (from  top  to  bottom)  are  contained  the  order  wire  for 
voice  communications,  the  VFC  frame  with  VFC  receivers  and 
transmitter  for  reception  and  transmission  of  control  and  indication 
signals,  three  subcarrier  transmitter  frames  containing  7  sub- 
carrier  transmitters  for  various  data,  and  one  subcarrier  receiver 
frame  containing  one  subcarrier  receiver  for  reception  of  combined 
VFC  control  signals. 

Beneath  the  subcarrier  receiver  frame  is  the  analog  data  (AO)  trans¬ 
mitter  frame  containing  four  analog  data  transmitters  which  convert 
the  position  signals  of  the  azimuth  and  elevation  antennas  into  a  form 
suitable  for  transmission  via  subcarrier  transmitters. 

At  the  bottom  of  rack  2  are  two  mdtiplex  power  supplies  which  provide 
ac  and  dc  power  to  the  multiplex  equipment. 

3.  9.  3  IFR  MICROWAVE  GROUP  LAYOUT 

The  IFR  microwave  group  consists  of  the  IFR-search  microwave 
terminal  and  the  IFR-PAR  microwave  terminal.  The  suggested 


rack  layout  of  the  IFF.  microwave  group  is  shown  in  Figure  3-11. 

The  equipment  is  contained  in  3  racks.  Profile  views  of  racks  1, 

2,  and  3  are  shown  in  Figures  3-12,  3-13,  and  3-14  respectively. 

A.  IFR-Search  Microwave  Terminal 

In  rack  1  are  contained  microwave  channels  1  and  2  receivers,  the 
channel  3  transmitter,  and  the  power  supply  for  these  units.  The 
receivers  and  transmitter  are  connected  to  a  common  waveguide 
which  goes  to  the  IFR-search  microwave  antenna.  A  cross  guide 
coupler  is  inserted  in  the  waveguide  as  a  convenient  test  point.  A 
common  blower  is  shared  by  the  receivers  and  transmitters  of  both 
the  IFR-search  and  the  IFR-PAR  microwave  terminal.  In  order  to 
allow  the  rack  to  pivot,  coaxial  rotating  joints  are  required,  or 
flexible  waveguides  with  quick  disconnects,  because  two  waveguides 
(one  from  each  terminal)  are  brought  out  from  the  same  rack. 

In  rack  2  are  contained  the  VVT  and  VT  demultiplexers  which 
separate  the  composite  video  signals  into  separate  video  and  trigger 
signals,  a  VT  multiplexer  via  which  the  beacon  (IFF)  trigger  is 
transmitted,  subcarrier  receiver  frame  containing  channels  1,  2,  and 

3  subcarrier  receivers  for  reception  of  antenna  azimuth  data,  channel 

4  subcarrier  transmitter  (in  common  subcarrier  transmitter  frame) 
for  transmission  of  combined  VFC  control  signals,  a  power  distri¬ 
bution  panel,  a  monitor  panel,  and  a  multiplex  power  supply. 

Rack  3  contains  the  order  wire  (common  to  both  terminals),  channel 
1  through  8  VFC  transmitters  in  the  SR  (search  radar)  VFC  frame, 
the  electronic  control  amplifier,  and  the  synchro  assembly.  These 
last  two  items  are  for  conversion  of  the  two  speed  resolver  signals 
from  the  subcarrier  receivers  to  one  speed  synchro  signals  for 
operation  of  the  PPI  indicators. 


Figure  3-11.  IFR  Microwave  Group,  Equipment  Layout 
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B.  IFR-PAR  Microwave  Terminal 


This  terminal  shares  the  same  three  racks  as  the  IFR-search  terminal. 

Microwave  channels  A  and  B  receivers  and  Channel  C  transmitter  are 
contained  in  rack  1  along  with  the  rf  power  supply.  The  transmitters 
and  receiver  are  connected  to  a  common  waveguide  which  goes  to  the 
IFR-PAR  microwave  antenna.  A  cross  guide  coupler  is  inserted  in  the 
waveguide  as  a  convenient  test  point.  Cooling  is  provided  by  a  blower 
common  to  both  terminals. 

Rack  2  contains  (from  top  to  bottom)  the  following  items  of  the  IFR- 
PAR  terminal:  Channel  H  subcarrier  transmitter  in  the  common  sub¬ 
carrier  transmitter  frame,  the  power  distribution  panel,  monitor  panel, 
VT  demultiplexer,  three  subcarrier  receiver  frames  containing  Bub- 
carrier  receivers  channels  A  through  G,  the  gate  generator  which  re¬ 
generates  the  relay  gate  and  the  unblanking  gate,  and  the  multiplex 
power  supply. 

Rack  3  contains  the  order  wire  (shared  by  both  terminals),  VFC  trans¬ 
mitters  channels  A  through  K  (I  excluded)  and  VFC  receivers  channels 
L  and  M  in  the  PAR  VFC  frame,  analog  data  receivers  A  through  D  for 
reception  of  azimuth  and  elevation  antenna  position  data,  and  a  common 
multiplex  power  supply  shared  by  both  terminals. 

3.1°  CONSIDERATIONS  FOR  ESTABLISHMENT  OF  MICROWAVE  LINKS 

The  establishment  of  reliable  microwave  links  requires  consideration  of 
various  aspects  of  the  propagation  of  microwave  energy  as  well  as  the 
range  and  deployment  constraints  among  the  components  of  the  AN/TSQ- 
47.  The  latter  constraints  are  discussed  in  the  section  on  siting.  The 
aspects  of  microwave  transmission  to  be  considered  are 

(1)  Near  field  -  far  field 

(2)  Curved  earth  line  of  sight 

(3)  Atmospheric  refraction 

(4)  Fresnel  zone  clearance 


(5)  Reflection  lobes 

(6)  Side  lobes 

3.  10.  1  NEAR  FIELD  -  FAR  FIELD 

Far  field  antenna  radiation  characteristics  predominate  at  ranges 

greater  than  the  ratio  of  the  square  of  the  antenna  diameter  to  the 

2  , 

operating  wavelength,  i.  e.  ,  R  >  D  /A  where  R  *  Critical  Range. 

For  the  two  microwave  links  of  the  AN/TSQ-47 

(1)  for  D  =  2  ft,  A  =0.  128  ft,  R  =  31  ft 

(2)  for  D  =  4  ft,  A  =0.  128  ft,  R  =  125  ft. 

Since  coaxial  cable  will  be  used  for  ranges  less  than  1000  feet,  all 
considerations  of  the  antenna  propagation  characteristics  will  involve 
only  the  far  field  properties. 

3.  10.  2  CURVED  EARTH  LINE  OF  SIGHT 

In  order  that  two  antennas  spaced  Dj  +  D^  apart,  and  at  elevations 
hj  and  h^  respectively,  be  in  line  of  sight  over  a  smooth  earth,  it  is 
necessary  that 

,  >  2  -.2  .  '  >  2  2 

h  i~  -j  D  j  and  h^  —  -j  D  2 

i  i 

where  h^,  are  in  feet,  and  D^,  are  miles.  The  various  quantities 
are  shown  in  Figure  3-1  5A.  However,  these  antenna  heights  must  be 
modified  to  include  atmospheric  refraction. 

3.10.3  ATMOSPHERIC  REFRACTION 

Radio  energy  does  not  travel  in  a  straight  line  as  assumed  in  the  previous 
paragraph;  rather,  a  slight  bending  is  effected  due  to  atmospheric  con¬ 
ditions.  As  the  value  of  refractive  index  K,  changes,  the  degree  and 
direction  of  bending  also  change.  The  basic  equations  given  above,  with 
refraction  factor  included,  are 


2 


h  >  2  1 

hl“T  "IT" 


and  - 


2  D2 


where,  as  above,  hj  and  h2  are  in  feet,  and  Dj  and  are  in  miles. 
Normally  the  value  of  K  is  taken  as  1-33,  which  effectively  increases 
the  earth  radius  to  4/3  the  true  radius.  The  various  quantities  are 
illustrated  in  Figure  3-15B. 

3.  10.  4  FRESNEL  ZONE  CLEARANCE 

Free  space  propagation  conditions  for  operation  of  the  microwave  link 
antennas  are  assured  if  the  first  Fresnel  zone  clears  all  obstacles, 
including  the  earth.  The  first  Fresnel  zone  radius  is  determined  at 
the  highest  obstruction  between  the  two  microwave  antennas.  This 
obstruction  is  found  by  plotting  a  profile  of  the  path  on  a  true  earth 
radius  chart.  Referring  to  Figure  3-15,  the  radius  (about  the  line- 
of-sight  path)  of  the  first  Fresnel  zone  at  the  highest  obstruction  is 


R  =  721 


r°lD2 


where  R  is  in  feet,  D,  D^,  and  D 2  are  in  miles,  and  F,  the  frequency, 
is  in  kMc. 

Figure  3-1 5C  shows  that  the  antenna  elevation  must  be  increased  by 
R  so  that  the  first  Fresnel  zone  does  not  intersect  the  earth  at  the 
highest  obstruction.  Hence,  the  minimum  antenna  heights  become 


hj  +  R  ■  hj  +  72\ 


'D1D2 


H2  =  h2  +  R  =  h2  +  72\ 
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3.10.6  SIDE  LOBES 

Spurious  signals  transmitted  or  received  in  the  antenna  side  lobes 
can  cause  degradation  of  the  primary  signal.  However,  all  side- 
lobe  signals  are  attenuated  at  least  18  or  22  db,  so  that  the  inter¬ 
ference  from  side  lobes  should  be  relatively  insignificant. 

3.H  POSSIBLE  IMPROVEMENTS  IN  MICROWAVE  EQUIPMENTS  AND 
SYSTEMS  ~ 

In  designing  the  microwave  links  previously  discussed,  the  main 
objective  was  to  accomplish  the  desired  results  by  using  "off  the 
shelf"  equipment  and  to  employ  a  minimum  of  total  equipment  and 
of  types  of  equipment.  The  following  paragraphs  list  possible  future 
improvements  which  could  be  accomplished  by  employing  additional 
equipment  or  designing  new  or  improved  equipments. 

3.11.1  TRANSMISSION  OF  PRECISION  APPROACH  RADAR  DATA 
VIA  ONE  MICROWAVE  CHANNEL 

The  IFR-PAR  microwave  link  is  presently  designed  to  transmit  the 
data  from  the  PAR  terminal  to  the  IFR-PAR  terminal  via  two  micro- 
wave  channels.  If  either  of  these  channels  fail,  remote  operation  of 
the  PAR  is  impossible  until  repairs  can  be  made  on  the  microwave 
equipment.  If  the  essential  data  could  be  temporarily  transmitted 
with  slightly  reduced  performance  via  one  microwave  channel,  the 
possibility  of  complete  loss  of  remote  PAR  operation  would  be  greatly 
reduced. 

The  present  method  of  transmitting  PAR  data  via  microwave  consists 
of  transmitting  the  radar  video  and  trigger  via  one  full  microwave 
channel  and  azimuth,  elevation  and  gating  data  via  subcarriers  on 
another  microwave  channel.  Figure  3-16  is  a  simplified  block  diagram 
of  the  IFR-PAR  microwave  link  showing  how  the  data  is  transmitted 
from  the  precision  approach  radar  to  the  IFR  center  via  microwave 
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channels  A  and  B.  The  present  spectrum  utilization  of  the  two  micro- 
wave  channels  is  shown  in  Figure  3-4. 

A  method  of  using  only  one  microwave  channel  during  an  emergency 
in  which  the  other  failed  is  aB  follows:  Transmit  the  two  gate  signals 
and  the  HV  ON-OFF  readback  via  tones  on  the  microwave  video  base¬ 
band  at  frequencies  below  the  radar  prf.  Transmit  the  radar  video 
and  trigger  on  the  microwave  video  baseband  as  is  presently  done, 
but  use  a  low  pass  filter  to  reduce  the  high  frequency  response  of  the 
video.  Transmit  the  azimuth  and  elevation  data  for  the  two  antennas 
via  four  subcarriers  on  the  microwave  video  baseband  at  frequencies 
above  the  cutoff  frequency  of  the  low  pass  filter.  Transmit  the  order 
wire  signal  at  a  frequency  above  the  7.  0  Me  alarm  signal.  Suitable 
filtering  will  be  required  at  the  receiving  end  to  separate  some  of  the 
signals,  and  the  order  wire  frequency  would  have  to  be  changed  for 
the  IFR-search  link  as  well  IFR-PAR  link  because  of  the  common 
order  wire  unit  at  the  IFR  center.  Figure  3-16A  is  a  simplified  block 
diagram  of  the  IFR-PAR  microwave  link  showing  the  equipment  con¬ 
figuration  required  for  providing  dual  channel  transmission  of  data 
from  PAR  to  IFR  center  during  normal  operation  and  single  channel 
transmission  during  emergency  operation.  Figure  3-17A  shows  the 
spectrum  utilization  of  the  two  microwave  video  channels  for  normal 
operation  and  Figure  347B  shows  the  spectrum  utilization  of  the  single 
video  channel  for  emergency  operation.  When  single  channel  operation 
is  employed,  the  data  is  patched  to  the  desired  microwave  channel  by 
means  of  patch  cables  at  the  monitor  panel  at  each  end  of  the  microwave 
link. 

During  this  emergency  operation,  the  gate  signals  would  have  greater 
delay,  referenced  to  the  input,  and  the  rise  time  of  the  video  would  be 
increased,  but  performance  would  still  be  adequate.  It  can  be  seen  that 
the  design  is  such  that  transfer  from  normal  to  emergency  operation 
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Figure  3-16.  IFR-PAR  Microwave  Link,  Simplified  Block  Diagram 


ITR-PAR  TERMINAL 


PAR  TERMINAL 


COMPOSITE  VIDEO  AND 


COMPOSITE  vrc  AND 
ORDER  WIRE  SIGNALS 


ABBREVIATIONS 

VFC:  VOICE  FREQUENCY  CARRIER 

S.C.:  SUBCARRIER 

VT:  VIDEO,  TRIGGER 

MW:  MICROWAVE 

CH:  CHANNEL 

AD:  ANALOG  DATA 


COMPOSITE  VIDEO  AND 


Figure  3-16.  IFR-PAR  Microwave  Link,  Simplified  Block  Diagram 


3-106/107 


NORMAL  VIDEO 
TR1QQER 


NORMAL/EMERG  TRANSFER  PANEL 

NOTE:  FILTER  MAY  NOT  I 
I  BE  NECESSARY  | 

n?' 


normal/emero  transfer  panel 

I - 


AZI  SCAN  POS 
ELEV  SCAN  POS 


AZI  TILT  POS 
ELEV  AZI  POS 


MW 

XMTR  - 
CH  A 

- 

CH  A 

MW 

XMTR  - 
CH  B 

VARIABLE  1  \ 

-  attenuator! 

MW 

-  RCVR 

CH  B 

MW 

RCVR  " 

MW 

-  RCVR 

AZI  SCAN  ELEV 


ELEV  SCAN  AZI 


FTC  OH- OFF 


EMERGENCY:  SINOLE  CHANNEL  TRANSMISSION  OF  DATA 
WITH  REDUCED  CAPABILITY 


STC  ON-OFF 

HI  VOLTAQE  ON-OFF 


BANDPASS  FILTER 
CUTOFF 

1000  CPS  -  S.  0  MC 


J! 


Rl~ 


OPEN:  NORMAL  OP 

|  CLOSED;  EMERO  OP 


ELEV  SCAN  MODE 


AZI  SCAN  MODE 

ANT  SCAN  ON-OFF 


PAR  MICROWAVE  TERMINAL 


1FR-PAS  MICROWAVE  TERMINAL 


NOUE  RECEIVER 


Figure  3-16A.  IFR-PAR  Microwave  Link 


Figure  3-16A.  IFR-PAR  Microwave  Link 


3-108/109 


SINGLE  CHANNEL  TRANSMISSION  OF  PAR  DATA 


MW  CH  A 
OR  CH  B 


MW  CH  B 


MW  CH  t 


RELAY  GATE  500  CPS 

UNBLANKING  GATE  670  CPS 
HV  REAOBACK  840  CPS 


b 


HV  READBACK 


o 

c 

> 

r 

o 

z 

t> 

z 

z 

m 

r 


30 

> 

z 

w 

3E 

w 

v» 

5 

z 


5 

n 

o 

*» 


RELAY  GATE 


UNBLANKING  GATE 


AZ  TILT  POS, 

- 5.25 

EL  AZ  POS 

-  5.75 

RELAY  GATE 

-  6.25 

UNBLANKING  GATE 

-  6.75 

ALARM 

-  7.0 

ORDER  WIRE 

- 7.30 

5.75  EL  SCAN  POS. 


AZ  TILT  POS. 


EL  AZ  POS. 

ALARM 
ORDER  WIRE 


-840  CPS 


4.25 

4.75 

5.25 

5.75 

6.25 


NK 


Figure  3-17. 


7.0 


3-110 


PAR  VIDEO  (100  CPS  TO  6  MC) 


could  be  accomplished  in  a  few  seconds  by  personnel  with  little  or  no 
technical  skill. 


3.  U.  2  TRAVELING  WAVE  AMPLIFIERS  FOR  MICROWAVE  TRANS¬ 
MITTERS 

The  possibility  of  utilizing  traveling  wave  amplifiers  to  improve  the 
output  power  of  the  microwave  transmitters  should  be  investigated. 
Traveling  wave  amplifier  tubes  are  available  in  the  desired  frequency 
band  (7750  to  8400  Me)  with  power  output  of  10  watts  cw.  This  would 
provide  a  power  gain  of  at  least  20  db  over  the  present  microwave 
transmitters  which  employ  klystrons;  and,  in  addition  to  improving 
the  fade  margin,  should  greatly  increase  resistance  to  jamming. 

Transmitters  could  be  designed  to  include  traveling  wave  tubes,  or 
separate  traveling  wave  amplifiers  could  be  designed  to  operate  in 
conjunction  with  the  present  transmitters. 

3.  11.3  ELIMINATION  OF  MOVING  PARTS  IN  PPI  INDICATOR 

The  possibility  of  utilizing  the  synchro  assembly  in  the  microwave 
to  eliminate  the  synchro  assemblies  in  the  individual  PPI  indicators 
of  the  search  radar  should  be  investigated.  Since  this  would  eliminate 
one  servo  system  in  the  chain  from  the  radar  antenna  to  the  indicators, 
the  accuracy  of  the  azimuth  data  should  be  improved  if  everything 
else  remains  equal. 

Figures  3-18A  and  3-18 B  shows  how  the  azimuth  data  is  presently  trans¬ 
mitted  from  the  search  radar  to  the  indicators  at  the  IFR  shelter. 

The  information  is  obtained  in  the  form  of  sine  waves  displaced  from 
a  reference  sine  wave  at  the  radar  antenna.  The  sine  waves  are  used 
to  modulate  subcarrier  transmitters  which  in  turn  modulate  a  micro- 
wave  transmitter.  The  composite  signal  is  received  via  a  microwave 
receiver  at  the  opposite  terminal  and  applied  to  the  subcarrier 
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Figure  3-18.  Present  Method  of  Providing  Azimuth  Data  via  Mic 


Figure  3-18.  Present  Method  of  Providing  Azimuth  Data  via  Microwave 
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receivers,  the  output  of  which  is  the  original  sine  waves.  These  sine 
waves  are  applied  to  the  electronic  control  amplifier  which  generates 
an  error  signal  proportional  to  the  error  between  the  position  of  the 
radar  antenna  and  the  position  of  resolvers  in  the  synchro  assembly. 
The  error  signal  is  amplified  and  used  to  control  a  motor  which  drives 
the  resolvers  in  the  synchro  assembly  in  a  direction  to  reduce  the 
error  to  zero.  A  synchro  transmitter  is  geared  to  the  motor  and  re¬ 
solvers  in  the  synchro  assembly,  and  the  output  of  this  synchro  trans¬ 
mitter  is  applied  to  a  servo  system  in  the  indicator  which  positions  a 
resolver  according  to  the  position  of  the  radar  antenna.  The  sweep 
voltage  is  applied  to  the  resolver  which  converts  it  into  sine  and  cosine 
components  according  to  the  position  of  the  resolver.  The  resolved 
sweep  is  applied  to  the  X  and  Y  deflection  coils  of  the  indicator. 

Figure  3-19  shows  the  proposed  method  of  eliminating  the  servo  system 
in  the  indicators.  This  should  improve  the  reliability  of  the  indicators 
since  the  indicators  would  now  have  no  moving  parts  except  small  items 
such  as  switches,  etc.  Since  a  servo  system  has  been  eliminated,  the 
accuracy  should  be  improved  as  a  result  of  eliminating  the  tracking 
error,  synchro  errors,  inertia,  and  mechanical  errors. 

The  proposed  modification  of  the  microwave  equipment  would  consist 
of  replacing  the  synchro  transmitter  in  the  synchro  assembly  with  a 
resolver  and  addition  of  cathode  followers.  The  resolver  would  be 
used  to  generate  the  resolved  sweep  which  would  go  to  the  indicators 
via  the  cathode  followers.  One  problem  which  may  cause  trouble  is 
the  capacity  between  the  shields  and  the  center  conductors  in  cables 
which  would  carry  the  resolved  sweep  to  the  indicators.  This  could 
cause  the  sweep  to  be  nonlinear.  Fortunately,  all  cables  at  the  IFR 
shelter  could  probably  be  kept  to  less  than  20  feet.  In  addition,  the 
shield  could  be  driven  by  the  cathode  of  the  tube  to  which  the  sweep 
was  applied  at  the  indicator.  Another  solution  may  be  to  use  compen¬ 
sating  capacitors  similar  to  those  in  an  oscilloscope  probe. 
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If  the  servo  system  in  the  indicators  could  be  eliminated,  further 
improvements  could  be  made  in  the  microwave  equipment  by 
eliminating  the  synchro  assembly.  This  could  be  accomplished  by 
digital  transmission  of  the  azimuth  data  which  could  be  converted  to 
provide  a  resolved  sweep  electronically  with  no  mechanical  moving 
parts. 


SECTION  4 


CABLE  REMOTING  SYSTEM 

Both  the  search  radar  and  the  PAR  were  required  to  have  the  capability 
of  being  remoted  via  cable  as  well  as  via  microwave  link.  The  maxi¬ 
mum  distance  to  be  remoted  via  cable  is  1000  feet  for  each  radar  set. 
Both  the  microwave  and  the  cable  remoting  system  are  required  to  be 
compatible  in  order  to  allow  transfer  from  microwave  to  cable  or  vice- 
versa  without  the  necessity  of  using  different  control  units  or  adapters 
for  each  mode  of  operation. 

4.  1  SEARCH  RADAR  CABLE  REMOTING  REQUIREMENTS 

The  signals  to  be  remoted  to  or  from  the  search  radar  are  the  same 
as  for  microwave  and  are  listed  in  Table  4-1.  The  performance  via 
cable  should  equal  that  obtained  via  microwave.  Since  the  microwave 
link  can  be  adjusted  to  maintain  the  required  output  levels,  the  cable 
may  require  line  drivers  and/or  equalizers  to  provide  the  required 
output  levels.  The  same  result  could  possibly  be  obtained  by  driving 
the  cables  with  higher  input  levels  than  that  specified  for  the  micro- 
wave.  The  major  problem  will  be  encountered  with  the  video  signals 
and  will  depend  upon  the  amount  of  loss  in  the  coaxial  cables.  Recom¬ 
mended  cabling  required  for  remoting  the  search  radar  is  given  in 
Table  4-1. 


Table  4-1.  Cabling  required  for  r emoting  the  search  radar 


Type  Cable  or 

Conductor 

Quantity 

Associated  Signals  and  Remarks 

Low  loss  co-ax 

6 

1. 

Normal  video 

cable 

2. 

MTI  (special)  video 

3. 

Radar  trigger 

4. 

IFF  (Beacon)  video 

5. 

Radar  pre-trigger 

6. 

IFF  mode  pulses  (beacon  trigger) 

Miniature  co-ax 

3 

1. 

Antenna  azimuth,  coarse  resolver 

or  shielded  single 

signal 

conductor 

2. 

Antenna  azimuth,  fine  resolver 

signal 

3. 

Antenna  azimuth,  resolver  reference 

Co-ax  may  be  required  in  place  of 


shielded  single  conductors  in  order  to 
maintain  uniform  change  of  capacitance 
in  each  cable  with  changes  in  tempera- 


ture 

• 

Twisted  pair 

2  pair 

1. 

Order  wire  communication  (via  wire) 

2. 

Spare 

Single  conductor 

17 

1. 

Normal  video  IF  gain  control  (CW) 

2. 

Normal  video  IF  gain  control  (CCW) 

3. 

MTI  video  IF  gain  control  (CW) 

4. 

MTI  video  IF  gain  control  (CCW) 

5. 

IFF  (Beacon)  receiver  gain  control 
(CW) 

6. 

IFF  (Beacon)  receiver  gain  control 
(CCW) 

7. 

STC  gain  control  (CW) 

8. 

STC  gain  control  (CCW) 

9. 

FTC  IN-OUT  control 

10. 

Circular  Polarization  IN-OUT  control 

11. 

PWD  IN- OUT  control 

12. 

STC  IN-OUT  control 

13. 

Ground  return  (may  require  larger 
diameter  than  other  conductors) 

14. 

Spare 

15. 

Spare 

16. 

Spare 

17. 

Spare 

All  of  the  above  should  be  included  in  one  cable.  This  could  be  attained  by 
encapsulating  everything  into  one  unit,  or  by  using  a  special  covering  such 
as  Zipper  Tubing  to  hold  several  separate  cables  together. 
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4. 1. 1  ADDITIONAL  MODIFICATION  OF  SEARCH  RADAR  FOR 
OPERATION  VIA  CABLE 

No  additional  modification  of  the  aearch  radar  from  that  required  for 
operation  via  microwave  will  be  required  for  operation  via  cable. 

4.  2  PRECISION  APPROACH  RADAR  CABLE  REMOTING 

REQUIREMENTS - 

The  signals  to  be  remoted  to  or  from  the  PAR  are  the  same  as  for 
microwave  and  are  listed  in  Table  4-2.  The  performance  via  cable 
should  equal  to  the  performance  obtained  via  microwave.  Since  the 
microwave  link  can  be  adjusted  to  maintain  the  required  output  levels, 
the  cable  may  require  line  drivers  and/or  equalizers  in  order  to  pro¬ 
vide  the  required  output  levels.  The  same  result  could  possibly  be 
obtained  by  driving  the  cables  with  higher  input  levels  than  that  speci¬ 
fied  for  the  microwave.  The,  major  problem  will  be  encountered  with 
the  video  signals  and  will  depend  upon  the  amount  of  loss  in  the  coaxial 
cables.  Recommended  cable  for  remoting  precision  approach  radar 
is  given  in  Table  4-2. 


Table  4-2.  Cable  required  for  remoting  the  PAR 


Type  Cable  or 

Conductor 

Quantity 

Associated  Signals  and  Remarks 

Low  loss  co-ax 

2 

1. 

Normal  video 

cable 

2. 

Radar  trigger 

Shielded  single 

6 

1. 

Az  position  of  Az  scan  antenna 

conductor 

2. 

El  (tilt)  position  of  Az  scan  antenna 

3. 

El  position  of  El  scan  antenna 

4. 

Az  position  of  El  scan  antenna 

5. 

Unblanking  gate 

6. 

Relay  gate 

Twisted  pair 

2  pair 

1. 

Order  wire  communication  (via  wire) 

2. 

Spare 
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Table  4-2  (Continued) 


Type  Cable  or 

Conductor  Quantity 


Associated  Signals  and  Remarks 


Single  conductor  20 


1.  Elevation  IF  gain  control  (CW) 

2.  Elevation  IF  gain  control  (CW) 

3.  Elevation  (tilt)  control  of  Az  scan 
antenna  (UP) 

4.  Elevation  (tilt)  control  of  Az  scan 
antenna  (DOWN) 

5.  Azimuth  IF  gain  control  (CW) 

6.  Azimuth  IF  gain  control  (CW) 

7.  Azimuth  control  of  El  scan  antenna  (CW) 

8.  Azimuth  control  of  El  scan  antenna  (CCW) 

9.  HV  ON-OFF  control 

10.  HV  ON-OFF  control 

11.  El  scan  mode  control 

12.  Az  scan  mode  control 

13.  Antenna  scan  ON-OFF  control 

14.  FTC  IN-OUT  control 

15.  STC  IN-OUT  control 

16.  HV  ON-OFF  indication 

17.  Spare 

18.  Spare 

19.  Spare 

20.  Spare 


All  of  the  above  should  be  included  in  one  cable.  This  could  be  attained 
by  encapsulating  everything  into  one  unit,  or  by  using  a  special  covering 
such  as  Zipper  Tubing  to  hold  several  separate  cables  together. 

4.  2.  1  ADDITIONAL  MODIFICATION  OF  PAR  FOR  OPERATION 
VIA  CABLE 

No  additional  modification  of  the  PAR  from  that  required  for  operation 
via  microwave  will  be  required  for  operation  via  cable. 
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SECTION  5 


IFF /SIT  CONFIGURATION 

There  are  many  different  equipments  available  at  the  present  time  to 
satisfy  the  needs  of  the  A4W  SIF/lFF  requirements.  However,  due  to 
the  weight  and  space  limitation,  the  following  four  configurations  are 
included  to  show  size  and  weight  comparisons: 

5.  1  GENERAL 

The  decoder  group,  when  used  in  conjunction  with  a  Mark  X  IFF  inter¬ 
rogator  response  system,  provides  the  system  with  Selective  Identifi¬ 
cation  Feature  (SIF)  capability.  The  decoder  group  provides  decoding 
of  three  modes  of  interrogation: 

Mode  I  Security  Identification  (SI) 

Mode  II  Personnel  Identification  (PI) 

Mode  III  Traffic  Identification  (TI) 

It  will  provide  selectable  outputs  on  a  PPI  display  to  allow  immediate 
identification  of  a  friendly  aircraft  and  its  relative  position.  It  will 
supply  independent  control  of  codes  and  modes  of  operation  for  each 
position  containing  a  control  panel  and  decoder  unit. 


5.  1.  1  SYSTEM  I 

The  following  system  (Figure  5-1)  contains  off-the-shelf  equipment  and 
will  meet  the  requirements  of  a  three -position  system: 


Figure  5-1.  System  No.  1 


Nomenclature 


Form  Name 


Total 


Video  Decoder  KY-275/GPX  Video  Decoder  3 

Coder-Interrogator  Set  KY274/GPX  Coder  Synchronizer  1 

Coder-Decoder  Control  C-2651/GPX  Control  Panel  3 

Power  Supply  PP-2191/GPX  Power  Supply  2 

Interrogator  Responder  AN/UPX-6  Transmitter/Receiver  1 


System  Weight  and  Size 


Rapcon  Location 

Inches 

w/h/l 

Wt.  in 
lbs 

Search  Inches 

Radar  Van  W/H/L 

Wt.  in 
lbs 

2  Video  Decoder 
plus  Power 
Supply 

21-1/2  x  16-1/2 
x  25 

50 

UPX-6 

15x11x21 

77 

1  Video  Decoder, 

1  Coder,  1 

Power  Supply 

21-1/2  x  16-1/2 
x  25 

48 

3  Control  Supply 

13-1/2  x  15-1/2 
x  14-1/2 

17 

77 

Total  Weight 

149 

Comments:  The  system  supplies  interlace  of  modes  which  is  not  a 
requirement;  the  system  gives  independent  code  selection  and  mode 
selection  te  each  of  three  positions;  the  system  is  in  the  field  at  the 
present  time  and  could  be  obtained  without  production. 


5.  1.  2  SYSTEM  II  -  The  following  system  (Figure  5-2)  contains  the 
UPX-6  Interrogator  Response  Unit,  in  conjunction  with  the  Coder 
Beacon  KT-166  and  Decoder  Group  KY-299 

Nomenclature  Form  Name  Total 

Decoder  Group  KY-299  Contains: 

Decoder  MX-2825 
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Decoder 


3 


J 


Nomenclature 
Mounting  Rack  MT-1570 
Inter -connecting  Box  J-672 
Control  Decoder  C-2982 
Interrogator  Responder  AN/UPX-6 
Decoder  Pulae  MX-2824 
Coder  Beacon  KY-166 


Form  Name 


Total 


Electrical  Equipment  Rack  1 
Junction  Box  1 

Control  Panel  3 

Receiver/Tranamitter  1 

Decoder/Power  Supply  1 

Encoder  1 


Syatem  Weight  and  Size 


Rapcon  Location 

Decoder  Group 
KY-299 


Inchea  Wt.  in  Search  Inchea  Wt.  in 

W/H/L  lb  a  Radar  Van  W/H/L  lba 


19-1/2  x  6-3/16  35 
x  20-7/8  eat 


Control  Decoder  5-1/2x12-3/4  15  UPX-6  15x11x21  77 


x  3-7/16  eat 

19-1/2x8-1/2  52 

x  20-13/16 


C-2982 

Coder  Beacon 
KY-166 

Inter -connecting 
Box  J1672 

Total  Weight 


Note;  KY-299  contains:  3MX-2825  Decoders,  1  Decoder  Pulse, 
Power  Supply  MX-2824,  and  Rack  MT-1570. 


The  system  will  supply  independent  decoding  of  Mark  X  SIF  replies  on 
Mode  I,  II,  or  III;  the  system  is  comparable  with  existing  navy/airforce, 
airborne  systems,  and  will  provide  challenge  priority  of  the  three  modes, 
with  a  priority  of  Mods  III  over  Mode  I,  and  Mode  I  over  Mode  II.  The 
system  is  similar  to  present  IJT/SIF  OFX-8  Installed  in  CFN-4  Radar 
Unit. 


5.  1.  3  SYSTEM  III  {Figure  5-3) 

The  following  configuration  contains  the  APX-7  interrogator  responder 
and  coder  synchronizer  KY-84,  which  is  an  improvement  over  the  UPX- 
6  unit.  The  system  also  contains  transistorized  decoder  control  KY-364. 
The  following  general  information  describes  the  above-mentioned  units: 

APX-7  General  Information:  The  unit  transmits  a  peak  power  output 
of  2kw.  compared  to  1.  5  kw  peak  power  from  the  UPX-6,  and  is  25  lbs 
less  weight.  The  following  table  shows  the  general  electrical  character¬ 
istics  of  the  APX-6  Receiver,  transmitter,  Coder- synchronizer,  and 
Power  Requirements. 

Receiver 

Tuning  Range  1090  Me  to  1110  Me 

Intermediate  Frequency  59.  5  ±0.  5  Me 

Wide  Bandwidth 

6  db  down  7.  5  Me  minimum 

50  db  down  15.  0  Me  maximum 


♦Narrow  Bandwidth 
6  db  down 
50  db  down 

^Signal/ Noise  ratio 
fSignal/ Noise  ratio 
Image  Ratio 

All  other  spurious  responses 
I-F  Pick-Up 
Positive  Video  Output 
Gain  Time  Control  (GTC) 


2.  0  Me  minimum 
4.  0  Me  maximum 

5:1  for  r-f  signal  85  db  below 
1  volt 

5:1  for  r-f  signal  79  db  below 

1  volt 

50  db  minimum 
50  db  minimum 
70  db  minimum 

2  volts  peak 


SEARCH  VAN 
RARCON  VAN 


Figure  5-3.  Syatem  No.  3 


♦Recovery  Time  15  to  600  microseconds 

(adjustable) 

4-GTC  Gate  Duration  20  to  600  microseconds 

(adjustable) 

Recovery  Time  2500  to  6200  microseconds 

(adjustable) 

Transmitter 

Tuning  Range  1010  Me  to  1030  Me 

Peak  Pulse  Power  Output  2000  watts  minimum  (1000 

watts  above  35,000  feet) 


Pulse  Pair  Transmission  Rate 
Pulse  Pair  Spacing 
Mode  1 
Mode  2 
Mode  3 

Transmitter  Pulse  Shape 
Rise  Time  (10% -90%) 

Duration  (50%  points) 

Decay  Time  (90%  -  10%) 

Coder  Synchronizer 

Input  Pulse 
Polarity 

Duration  (50%  points) 

Rise  Time  (10%  -  90%) 

Reception  Rate 

IFF  Video  Output  Signal  to  Radar 

Polarity 

Amplitude 

Impedance 


145  to  320  per  second 

3  ±  0.  2  microseconds 
5  ±  0.  2  microseconds 
8  ±  0.  2  microseconds 

0. 2  microseconds 

0.  7  to  1.  2  microseconds 

0.  4  microseconds  maximum 


Positive 

0.  3  to  20.  0  microseconds 

0.  3  to  5.  0  volts,  within  0.  2 
microseconds 

145  to  3000  per  second 

Indicator 
Positive 
2  to  6  volts 
100  ohms  nominal 


Input  Power 
Nominal  Input  Power 


I 


115  volts,  ac,  380  to  420  cycles, 
single  phase,  60  watts 

115  volts,  ac,  320  to  1760  cycles, 
single  phase,  450  watts 

26.  5  volts,  dc,  0.  3  amperes 


♦RT-261/APX-7  Only 
+RT-261A/ APX-7  Only 


System  III  contains  the  following  components: 


Nomenclature 


Form  Name 


Total 


Interrogator  Responder 

APX-7  Receiver/ Transmitter 

Coder  Synchronized  KY-84  Encoder 

Video  Decoder-Control 

KY-364  Decoder- Control 


1 

1 

3 


System  Weight  and  Size 


Rapcon  Location 

Inches 

H/W/L 

Wt. 
in  lbs 

Radar 

van 

Inches 

H/W/L 

Wt. 
in  lbs 

Encoder  KY-84 

7-13/16  x 
10-3/4  x 
19-11/16 

37.5 

APX-7 

7-13/16  x 
10-3/4 x 
19-11/16 

52 

Decoder/  Control 
KY-364 

8-1/4 x 
5-5/8  x  10 

10.0 

“  “ 

Total  Weight 

67.5 

52 

5.1.4  SYSTEM  IV 


System  4  contains  the  following  equipment:  (Figure  5-4) 

(a)  APX-60  Interrogator  1 

(b)  Coder -Synchronizer  (Part  of  APX-60) 

(c)  Control -Decoder  KY-364  3 

(d)  Control  Panel  APX-60  1 


System  Weight  and  Size 


Rapcon  Location 

Inches 

W/H/L 

Weight 
in  lbs. 

Search 

Van 

Inches 

W/H/L 

Weight 
in  lbs. 

Decoder- Control 
KY-364 

5- 3/4  x 
10-1/8  x 

6- 5/8 

7.  0 

APX-60 

10-3/4  x 
7-3/4  x 
19-3/4 

50 

Control 

Box 

5-3/4 x 

3- 3/8  x 

4- 11/16 

2 

Total  Weight 

21.  0 

52 

General.  The  following  general  information  contains  the  electrical 
characteristics  of  the  APX-60: 

Contents:  Transmitter  (2  modules) 

Receiver  (1  modules) 

Power  Supplies  (3  modules) 

Coder-Synchronizer  (2  modules) 

Case 

Control  Box  (separate  from  interrogator 
proper) 


Input  Power 
Reliability 


Power  Output 


Duty  Cycle 
Receiver  Frequency 


115  V,  400  cps;  single  phase;  (dc  power 
derived  from  this)  Reliable  operating  life  of 
at  least  1500  hours  without  removal  for 
bench  servicing.  Minimum  total  operating 
life  of  6000  hours  with  reasonable  servicing 
and  replacement  of  parts. 

5  kw  -  10  kw;  capable  of  being  reduced  to  1 
kw  -  2  kw  as  desired.  Equipment  designed  to 
operate  with  optimum  performance  for  500 
hours.  Power  output  not  reduced  by  working 
into  a  VSWR  of  1. 75:1. 

Up  to  0.  01 

1090  Me  (adjustable  from  1070  Me  to  1130  Me) 


Transmitter  Frequency  1030  Me  (adjustable  from  990  to  1050  Me) 


Frequency  Stability 
Receiver  Tuning 
Transmitter  Tuning 
Noise  Figure 
Dynamic  Range 


±500  kc 


Adjustment  of  five  tuning  screws 
Adjustment  of  capacitive  stubs 
Less  than  9  db 


In  excess  of  50  db 


Pulse  Characteristics  (SIF) 

Duration  0.5  to  1.0  i^sec  with  0L  75  being  nominal 

Rise  Time  0.  1  p.sec  or  less 

Decay  Time  0.  15  |*sec  or  less 

Amplitude  Variation  Nor  more  than  5%  variation  over  a  1  sec  period 
Pulse  Shift  ±0.  1  ;isec 


Pulse  Train  Droop 
Transmitter  Delay 


Less  than  10%  from  first  to  last  pulse 
Less  than  1.0  nsec 


Local  Oscillator 

Frequency  Stability  ±500  kc 


Receiver  Bandwidth 


Greater  than  9  Me  at  3  db  down;  less  than  ’ 
18  Me  at  40  db  down 
Sensitivity  curve  flat  to  ±1  db 
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Intermediate  Frequency  60  Me  n'binihalu' inal 


Receiver  Sensitivity 
Receiver  Gain 
Image  Rejection 
IF  Pickup 

Band  Rejection 

Gain  Time  Control 


Receiver  Delay 
Video  Output 

Video  Fidelity 


-91  dbv  to  -94  dbv 
Greater  than  110  db 
In  excess  of  60  db 

IF  frequency  attenuation  measured  at  the 
"Antenna"  jack  less  than  70  db 

At  15  Me  from  center  frequency,  response 
to  any  signal  greater  than  60  db  below  re¬ 
sponse  at  center  frequency. 

Holds  receiver  gain  at  least  75  db  down  from 
normal  sensitivity  level.  When  triggered, 
gain  rises  from  75  db  down  to  an  adjustable 
value  between  20  and  40  db  below  normal 
sensitivity  within  15  psec.  Gain  then  con¬ 
tinues  to  rise  according  to  1,  2,  or  3  below. 
(1)  The  gain  rises  to  within  3  db  of  normal 
sensitivity  in  a  period  adjustable  from  400 
to  2400  psec.  (2)  The  gain  rises  to  within 
3  db  of  normal  sensitivity  in  a  period  adjust¬ 
able  from  20  to  600  psec.  (3)  NO  GTC. 

The  gain  rises  from  75  db  down  to  within 
3  db  of  normal  sensitivity  in  25  psec.  When 
the  GTC  is  disabled,  the  receiver  must  re¬ 
cover  to  within  20  db  of  normal  sensitivity 
in  not  more  than  10  psec  and  to  within  3  db  in 
not  more  than  15  psec. 

Not  to  exceed  0.4  psec 

Pulse  amplitude  level  adjustable  over  the 
range  of  1. 5  to  2.  5  volts-. 

Standard  reply  signals  not  exceeding  -20  dbv 
and  within  the  range  of  3  to  50  db  above 
normal  sensitivity  exhibit  no  degradation  of 
rise  and  decay  time,  less  than  0.05  |Jisec 
shift  of  spacing  of  any  reply  train,  and  pulse 
width  increase  not  exceeding  (tr  ±  t<j)/2=l.  0 
psec.  Also,  interleaved  trains  spaced  0.  7 
psec  and  having  any  level  differential  from 
0  to  at  least  40  db  are  received  with  less 
than  ±0.  05  psec  pulse  position  shift  within 
either  train. 
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System  IV  contains  the  APX-60  interrogator  and  the  KY-364  video 
decoders.  The  coder  synchronizer  unit  is  a  part  of  the  APX-60.  For 
the  system  to  function  as  requested,  the  coder -synchronizer  unit  will 
have  to  be  removed  and  installed  in  the  RAPCON  van,  Another  approach, 
without  any  change  to  the  microwave  assignment  and  equipment,  is  to 
tag  the  Mode  I,  II,  and  III  row  video  coming  from  the  search  van,  and 
add  a  box  designed  to  separate  the  three  row  video  signals  and  place 
them  on  the  correct  line,  Mode  I,  II,  III,  to  the  video  decoder.  The 
best  approach,  since  the  microwave  is  defined,  is  to  remote  the  coder - 
synchronizer  to  the  RAPCON. 

SUMMARY:  All  four  systems  will  meet  the  requirements  of  the  EMS 
system.  System  I  and  II  are  by  far  the  largest  in  size  and  contain  the 
greatest  weight.  Both  systems  are  available  at  the  present  time. 
Between  the  two  configurations,  System  II  is  the  most  desirable. 

System  III  has  the  advantage  of  an  all  transistorized  decoder -control 
unit;  also  the  transmitter/receiver  unit  is  smaller  in  size  and  weight 
than  System  I  and  II.  The  peak  power  output  of  System  III  is  2000 
watts  compared  to  Systems  I  and  II,  which  have  1500  watts.  System 
III  is  a  qualified  system  and  is  in  use  today.  System  III  rates  highly 
over  I  and  II  in  size  and  weight.  The  control-decoder  units  will  be 
located  on  the  indicator  units  in  the  same  space  required  for  the  con¬ 
trol  panel  only  of  System  I  and  II.  The  only  other  space  required  will 
be  for  the  coder -synchronizer  which  is  smaller  in  size  than  the  coder- 
synchronizer  in  System  I  and  II. 

System  IV  is  the  most  advanced  state  of  the  art  system  of  the  four  sys¬ 
tems.  It  has  a  peak  power  output  of  12,  000  watts,  is  transistorized, 
and  has  a  total  weight  of  73-lbs  which  is  less  than  the  weight  of  the  UPX- 
6  alone.  The  APX-60,  however,  is  not  available  at  the  present  time. 
The  estimated  lead  time  is  July  1962.  The  decoder-group  is  available 
at  the  present  time.  System  IV  is  by  far  the  most  advanced  of  the 
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four  systems  mentioned  and  is  recommended  above  Systems  I,  II,  and 
III.  It  should  be  noted  that  the  interrogator  unit  of  System  IV  can  be 
moved  into  System  III  by  replacing  the  APX-7  and  KY-84  coder  syn¬ 
chronizer  units  as  a  field  change  if  desired,  since  the  control-decoder 
group  is  the  same  in  each  system. 
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5.1.5  CONCLUSION 

Certain  combinations  of  the  four  systems  could  be  made  to  work  to¬ 
gether,  for  example,  the  AN/UPX-6  could  be  used  in  system  No.  3, 
Figure  5-3,  in  place  of  the  AN/APX-7.  Also  there  are  other  systems 
available  to  satisfy  the  requirements  of  the  AN/TPS-35  system. 

5.  2  GENERAL  PERFORMANCE  AND  FUNCTION  OF  KY-364/APX 

VIDEO  DECODER/CONTAOL 

The  purpose  of  the  KY-364/APX  is  to  process  input  video  from  the 
recognition  radar  and  to  provide  a  decode  output  signal  for  visual 
presentation  on  an  indicator  unit.  A  decode  output  signal  is  available 
for  display  only  when  the  input  video  represents  an  SIF  code  which  is 
in  agreement  with  the  present  code  of  the  KY-364/APX.  Display  of  a 
decode  output,  therefore,  indicates  a  true  target  reply  and  serves  to 
identify  friendly  aircraft.  The  front  panel  of  the  KY-364/APX  contains 
all  controls  necessary  to  establish  a  preset  code  in  the  three  operating 
modes  which  are  utilized  within  the  IFF-SIF  beacon  system. 

5.2.1  FUNCTION 

The  KY-364/APX  receives  and  processes  the  radar  video  which  repre¬ 
sents  SIF  coded  replies  from  target  transponders.  Delay  lines  and 
diode  logic  are  used  to  analyze  the  coded  replies  in  order  to  identify 
a  true  or  false  target.  The  delay  lines  provide  the  means  for  present¬ 
ing  a  complete  SIF  pulse  coded  train  to  the  diode  switching  circuits  in 
parallel  form.  The  SIF  coded  reply  consisting  of  a  multiple  pulse- 
position  train  with  a  duration  of  20.  3  microseconds  is  examined  by 
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diode  logic  for  the  presence  or  absence  of  pulses.  The  diode  logic 
matrix,  controlled  by  front  panel  switches,  is  preset  to  require  the 
presence  of  certain  pulses  and  the  absence  of  others.  Target  replies 
must  then  be  in  agreement  with  the  preset  code,  containing  the  re¬ 
quired  pulses  on  the  code  train  and  no  others,  in  order  for  the  KY- 
364/APX  to  generate  a  decode  output  signal.  Target  replies  that  are 
not  in  agreement  with  the  present  code  are  rejected  and  no  decode 
output  signal  is  generated. 

Besides  the  passive  decode  function  of  the  KY-364/APX,  a  bracket 
output  and  the  code  video  are  provided  for  display.  The  KY-364/APX 
generates  a  bracket  output  signal  if  two  pulses  (referred  to  as  bracket 
pulses)  spaced  at  20.  3  microseconds  are  received.  The  bracket 
pulses  represent  the  first  and  last  pulses  on  a  SIF  code  train.  The 
bracket  output  is  not  affected  by  the  presence  or  absence  of  other 
pulses  on  the  time  base  between  bracket  pulses.  The  code  video  is 
always  available  as  an  output  from  the  KY-364/APX.  It  appears  at 
the  end  of  the  delay  line  in  series  form  delayed  40.  6  microseconds 
from  the  input.  One  of  the  outputs  —  decode,  bracket  or  code  video  — 
may  be  selected  by  a  front  panel  switch  for  display  on  the  associated 
indicator . 

The  KY-364/APX  decodes  interleaved  code  trains  which  represent  the 
pulses  of  one  code  train  shifted  within  limits  from  the  nominal  posi¬ 
tions  established  by  a  second  code  train.  It  rejects  all  code  trains 
which  are  considered  garbled.  The  degarble  feature  of  the  KY-364/ 
APX  serves  to  detect  the  presence  of  garbled  code  trains.  A  garble 
condition  may  result  from  the  interrogation  of  two  or  more  targets 
which  are  at  approximately  the  same  range  and  bearing.  The  subse¬ 
quent  replies  from  these  targets  could  be  arranged  in  such  a  manner  as 
to  create  a  true  code  from  otherwise  false  individual  targets,  resulting 
in  an  erroneous  decoding  operation.  Under  certain  conditions, 


multipath  reception  may  alto  create  garbled  replies.  Detection  of 
garbled  replies  is  the  function  of  the  garble  circuit.  This  circuit  . 
disables  both  the  passive  decode  output  and  the  bracket  output  when 
garbled  replies  are  received. 

The  Ky>364/APX  uses  plug-in  modular  sub-assemblies  for  all  circuit 
sections  and  delay  lines.  The  sub-assemblies  are  non-reparable  items, 
encapsulated  with  an  epoxy  resin.  They  are  built  on  printed  circuit 
boards  and  have  integral  printed  circuit  connectors.  Test  jacks 
located  on  the  top  of  each  sub-assembly  are  readily  accessible  when 
troubleshooting  the  instrument.  An  edge-lighted  front  panel  is  used 
on  the  KY-364/APX. 

ELECTRICAL  CHARACTERISTICS 

Input  Signal:  Mode  1,  2,  or  3  replies  consisting  of  multiple 

pulse  trains  in  SIF  codes. 

AMPLITUDE  2  ±  0.  5  volts 

PULSE  DURATION  0.35  -  0.55  microsecond 

POLARITY  Positive 

PULSE  SPACING  Multiples  of  0.45  microsecond  within  a 

train  of  20.  3  microseconds  as  measured 
from  leading  edges  of  bracket  pulses. 

INPUT  75  ohms  (terminated);  3600  ohms  shunted  by 

IMPEDANCE  22  mmfd.  (unterminated) 

Output  Signal: 

AMPLITUDE  2  ±  .  5  volts  across  75  ohms 

PULSE  DURATION  0, 45  microsecond  (nominal) 

POLARITY  Positive 

DECODE  AND  Single  pulse  output  for  each  input  code  train 

BRACKET  PULSE 


CODE  Same  waveform  as  input  video  but  delayed 

(delayed  code  video)  40.  6  microseconds 

Power  Requirements:  20-29  volts  dc 

400  ma  at  24  volts 

5.  2.  2  PERFORMANCE  AND  FUNCTION  OF  EQUIPMENT 

GENERAL  -  The  Video  Decoder  KY-364/APX  is  a  passive  decoding 
instrument  which  is  designed  to  process  radar  video  in  order  to  iden¬ 
tify  challenged  aircraft.  It  furnishes  a  decode  output  signal,  signifying 
a  true  coded  reply,  for  visual  presentation  on  an  associated  indicator 
unit.  This  decode  signal  is  generally  displayed  in  coincidence  with  the 
search  radar  blip,  thereby  visually  identifying  detected  aircraft.  The 
KY-364/APX  rejects  a  false  coded  reply,  and  a  no  decode  signal  is 
displayed.  The  passive  decoding  function  is  based  on  the  SIF  code 
system  previously  discussed.  A  bracket  output  signal  may  also  be 
supplied  by  the  KY-364/APX,  independent  of  the  passive  decode  signal, 
if  target  replies  contain  bracket  pulses.  The  input  code  video  is  al¬ 
ways  passed  by  the  KY-364/APX  and  is  available  as  an  output.  Any 
one  available  output  -  decode,  bracket,  or  code  video  -  may  be  selected 
for  display  by  the  OUTPUT  switch  on  the  front  panel.  There  are  no 
provisions  for  simultaneous  operation  in  more  than  a  single  mode 
possible.  This  means  that  the  operator  must  select  input  video  — 
either  Mode  1,  2,  or  3  -  and  also  select  a  desired  output  signal. 

A.  SIF  Codes 

The  SIF  code  system  uses  a  multiple  pulse  train  which  is  established 
on  a  20.  3  microsecond  time  base.  The  20.  3  microsecond  pulse  train 
as  transmitted  by  target  transponders  represents  a  binary  code  in 
which  the  presence  or  absence  of  pulses  at  a  particular  interval  on 
the  time  base  is  the  criteria  for  a  true  or  false  code.  Each  mode  of 
operation  is  established  as  a  slightly  different  binary  code.  The 


presence  or  absence  of  information  pulses  at  a  particular  interval  on 
the  train  is  a  requirement  established  by  the  preset  code  in  the  KY- 
364/APX. 

The  time  between  bracket  pulses  is  divided  into  thirteen  information 
pulse  positions  at  intervals  of  1.45  microseconds.  The  position  mid¬ 
way  between  the  bracket  pulses  (number  8)  is  not  used  in  SIF  codes. 

The  remaining  twelve  positions  are  used  for  pulse  coding.  These 
twelve  information  pulses  are  each  identified  with  a  time  position 
spaced  from  the  first  bracket  pulse.  They  are  divided  into  four  groups 
(A,  B,  C,  D)  with  each  group  containing  three  pulses.  The  pulses 
within  each  group  are  spaced  at  2.90  microsecond  intervals  and  are 
identified  by  numbers  1,  2,  and  4.  An  SIF  code  number  is  then  de¬ 
rived  as  a  two  or  four  digit  number  which  indicates  the  pulses  required 
by  group  and  number.  That  is,  the  first  digit  of  an  SIF  code  will 
designate  the  pulse  or  pulses  in  A  group;  the  second  digit,  the  B  group; 
the  third  digit,  the  C  group;  and  the  fourth  digit,  the  D  group.  The 
C  and  D  pulse  groups  are  only  used  in  Mod®  2,  12  pulse  codes.  There¬ 
fore,  a  four  digit  code  number  is  assigned.  A  two  digit  code  number 
is  assigned  for  Mode  1,  Mode  2,  and  Mode  3  operation.  For  example, 
a  preset  SIF  code  numbered  12  for  Mode  1  requires  pulses  A1  and  B2, 
plus  the  two  bracket  pulses  which  are  always  required.  Any  reply 
code  train  that  does  not  have  these  pulses  or  has  additional  pulses  is 
a  false  code  and  will  be  rejected  by  the  KY-364/APX.  A  Mode  3  code 
numbered  56  will  consist  of  pulses  Al,  A4,  B2,  and  B4;  a  Mode  2 
(6  pulse)  code  numbered  3122  will  consist  of  pulses  Al,  A2,  Bl,  C2 
and  D2. 

5.  2.3  FUNCTION  OF  OPERATING  CONTROLS 

All  controls  necessary  to  establish  a  decoding  function  are  located  on  . 
the  front  panel  of  the  KY-364/APX.  Operating  power  which  is  fur¬ 
nished  from  the  aircraft  28  volt  dc  supply  is  controlled  by  the  OUTPUT 
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switch  on  the  front  panel.  Figure  5-5  shows  the  location  of  front  panel 
controls. 

5.2.4  DELAY  LINE 

Three  delay  lines  are  used  in  the  KY-364/APX  and  are  designated  the 
before  A3,  decode  A4,  and  garble  A9  lines.  The  before  and  decode 
delay  lines  are  identical  interchangeable  units,  each  consisting  of  two 
sections  and  providing  20.  3  microseconds  delay.  The  garble  line  con¬ 
sists  of  a  single  section  for  a  delay  time  of  10.  15  microseconds.  Each 
line  is  a  lumped-constant  delay  line  which  is  tapped  at  intervals  of 
1.45  microseconds  corresponding  to  the  information  pulse  positions. 

The  pulse  positions  may  be  multiples  of  either  1.45  microseconds  or 
2.9  microseconds.  The  delay  line  is  maintained  at  a  12- volt  dc  reference 
level.  Since  the  point  of  application  of  the  reference  voltage  is  the  ac 
ground  of  the  delay  network,  this  voltage  must  be  supplied  from  a  low 
impedance  source.  Line  amplifier  circuits  are  provided  to  compensate 
for  slight  signal  attenuation  caused  by  the  line.  The  amplifier  circuits 
restore  signal  level  to  the  original  input  amplitude  and  also  provide 
isolation  between  the  line  sections.  The  total  representative  delay 
from  signal  input  to  decode  delay  line  output  is  40.  6  microseconds. 

> 

5.  2.  5  GARBLE  CIRCUIT 

The  garble  circuit  including  the  garble  delay  line  serves  to  detect 
garbled  code  trains  and  then  to  disable  the  bracket  and  passive  decode 
outputs.  It  performs  this  function  by  examining  a  period  of  18.  85 
microseconds  before  and  after  each  input  code  train  at  intervals  of 
1.45  microseconds.  If  a  pulse  appears  within  this  interval  and  if  it  is 
spaced  20.  3  microseconds  from  any  pulse  on  the  basic  code  train,  the 
code  train  is  considered  garbled.  This  could  result  from  any  one  of 
several  arrangements  of  input  code  trains  or  signals.  For  example, 
overlapping  code  trains,  the  first  or  last  pulse  of  an  adjacent  code  train. 


Figure  5-5.  Front 
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or  simply  a  random  signal  appearing  at  the  proper  time  could  represent 
a  garbled  condition. 

The  criteria  then  for  a  garbled  reply  is  the  presence  of  a  preceding  or 
following  pulse  which,  in  effect,  forms  a  second  pair  of  bracket  pulses 
within  the  specified  time  interval.  This  time  will  be  some  multiple  of 
1.45  microseconds.  The  resulting  output  of  the  logic  AND  gate  is 
amplified  and  shaped  in  the  delay  line  drive  circuit.  This  signal  is 
impressed  on  the  unterminated  garble  delay  line.  As  it  travels  down 
the  line,  the  signal  appears  consecutively  at  each  tapped  segment  of 
the  line  and  is  reflected  from  the  unterminated  end  to  again  appear  at 
each  tap.  The  tapped  signal  is  passed  through  the  OR  gate  to  the  ampli¬ 
fier  circuit.  Consequently,  an  inhibit  signal  is  generated  for  each  tap¬ 
ped  signal.  The  inhibit  signals,  positioned  at  1.45  microseconds 
intervals  for  a  period  of  18. 85  microseconds,  are  applied  to  the  bracket 
circuit.  The  decode  time  will  begin  at  some  multiple  of  1.45  micro¬ 
seconds  within  an  18.85  microseconds  interval  from  the  application  of 
the  signal  to  the  garble  delay  line.  One  of  the  inhibit  signals  will  then 
appear  in  coincidence  with  the  triggering  of  the  passive  read  gate  and 
bracket  output  signals  in  the  bracket  circuit.  It  will  effectively  cut  off 
that  stage  in  the  bracket  circuit  —  the  multivibrator  stage  —  which  gen¬ 
erates  the  read  gate  and  bracket  output. 

It  should  be  noted  that  inhibit  signals  are  generated  for  all  bracket 
pulse  inputs,  including  coded  replies  from  a  single  target  that  are  not 
garbled.  However,  for  single  code  train  inputs,  an  inhibit  signal  will 
not  appear  in  coincidence  with  the  triggering  of  the  passive  read  gate 
and  bracket  output.  It  is  therefore  ineffective.  With  single  target 
replies,  the  inhibit  signal  will  always  precede  or  follow  the  triggering 
of  the  read  gate  and  bracket  output  by  1.45  microseconds.  This  delay 
is  established  by  the  garble  delay  line  and  by  the  MODE  2-6/12  switch. 


A.  Garble  Circuit  Controls 

Two  switches  mounted  on  the  front  panel  of  the  KY-364/APX  are  pro- 
voded  to  control  the  garble  circuit  operation.  The  DEGARB  switch  is 
used  to  turn  the  garble  circuit  on  or  off.  Consequently,  outputs  from 
the  logic  OR  gates  are  effectively  shorted.  In  the  "on"  position,  bias 
voltage  is  removed  and  the  amplifier  stages  may  be  activated  by  in¬ 
coming  signals.  The  MODE  2-6/12  switch  is  used  to  activate  or  de¬ 
activate  the  CD  amplifier  stage  during  MODE  2  operation  only. 


SECTION  6. 


UHF  COMMUNICATIONS  GROUP 

6.1  INTRODUCTION 

A  single  channel  UHF  communication  set  should  be  included  in  the 
AN/TPS-35  to  provide  air-ground-air  voice  transmission  and  reception. 
The  system  could  provide  the  required  communications  between  the 
radar  and  any  controlled  aircraft  when  the  AN/TPS-35  is  deployed  singly. 
The  unit  should  have  provisions  for  selecting  1750  individual  operating 
channels  and  a  guard  band  monitor  channel  that  envelopes  the  frequency 
range  of  225  to  399.  9  Me.  Figure  6-1  is  a  block  diagram  of  a  UHF 
communication  set. 

6.2  TECHNICAL  DESCRIPTION 

The  communication  set  (UHF)  in  Figure  6-1  is  a  Collins  618A-13.  Re¬ 
ceived  signals  in  the  frequency  band  of  225  to  399.  9  Me  are  converted 
to  an  IF  band,  extending  from  20.  0  to  29.  9  Me,  by  mixing  with  the  out¬ 
put  of  a  frequency  spectrum  generator.  The  20  to  29.  9  Me  IF  signals 
are  again  converted  by  mixing  with  the  output  of  a  variable  frequency 
oscillator.  The  1.85  Me  output  signals  are  amplified,  detected,  and 
applied  to  the  earphone  or  speaker  assembly. 

A  parallel  operated  guard  band  channel  is  available  for  providing  contin¬ 
uous  monitoring.  A  separate  crystal  controlled  oscillator  generates  the 
local  oscillator  signal  for  the  guard  channel.  The  frequency  tuning  limits 
of  the  guard  band  channel  are  238  to  248  Me.  A  crystal  is  supplied  for 
operation  on  243  Me. 
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OSCILLATOR 


The  transmitted  frequency  is  dependent  upon  the  frequency  output  of  the 
21.85  to  31.75  Me  local  oscillator.  The  oscillator  output  signal  is  ampli 
fied  and  mixed  with  the  output  of  the  spectrum  generator.  The  UHF  out¬ 
put  is  filtered  and  amplified  to  approximately  20  watts  in  an  RF  power 
amplifier.  An  input  from  the  modulator  unit  amplitude  modulates  the 
generated  carrier  frequency. 

A  remote  radio  set  control  box,  located  near  the  radar  indicator  front 
panel,  provides  manual  control  of  the  1750  channels  by  four  manual  ro¬ 
tary  switches.  A  single  rotary  switch  provides  selection  of  any  one  of 
eighteen  pre-set  channels.  Volume  control  and  a  mode  switch  are  also 
available  at  the  remote  control  box. 

AVC,  squelch,  noise  limiting,  and  a  sidetone  generator  for  monitoring 
purposes  are  a  part  of  the  receiver  section. 

An  internal  power  supply  converts  the  400  cpB  input  power  to  the  desired 
ac  and  dc  operating  voltages.  28  volts  dc  is  obtained  from  the  TPS- 3 5 
shelter  28  volt  dc  buss. 

6.3  MECHANICAL  DESCRIPTION 

(a)  The  approximate  physical  size  of  the  communication  set  is 
11  inches  wide  by  8  inches  high  by  20  inches  deep.  The  case 
is  of  aluminum  construction.. 

(b)  The  weight  of  the  unit  is  nominally  52  pounds. 

(c)  An  AT- 197  UHF  antenna  should  be  attached  to  the  top  of  the 
shelter.  A  support  could  be  provided  to  mount  the  UHF  antenna 
higher  than  the  maximum  height  of  the  radar  antenna  reflector. 
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6.4  MAINTAINABILITY  AND  SERVICEABILITY 

The  transceiver  unit  is  housed  in  a  single  enclosure.  An  internal  blower 
supplies  the  required  cooling. 

The  sub-assemblies  in  the  transceiver  unit  are  of  plug-in  modulator 
construction  to  provide  ease  in  maintenance  and  replaceability.  There 
are  13  modules  in  the  transceiver  unit. 
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SECTION  7 

SHELTER  REQUIREMENTS 


7.1  SELECTION  OF  SHELTER  TO  MEET  REQUIREMENTS 

The  standard  S-141  shelter  is  a  lightweight  van  which  can  either  be  fur** 
nished  or  is  in  production.  This  shelter  is  made  to  conform  to  MIL-S- 
52059. 

Diagrams  are  included  (see  Figure  7-1;  7-2;  7-3)  to  show  the  relative 
position  and  size  of  the  search  radar,  the  workspace  required,  and  the 
storage  space  allocated  for  the  different  search  radar  and  microwave 
accessories. 

The  size  and  weight  parameters  are  important  factors  in  choosing  a 
suitable  shelter.  Also,  this  shelter  can  be  and  is  capable  of  having 
leveling  jacks  attached  is  capable  of  the  463L  Cargo  Handling  adapta¬ 
bility  and  is  provided  with  external  shock  pads. 

This  shelter  can  be  towed,,  dragged,  lifted,  truck-carried,  or  plane 
delivered.  It  has  good  insulating  qualities  and  has  a  fairly  low  coeffi¬ 
cient  of  heat  transfer. 

The  air  conditioner  and  power  supply  are  external  when  in  operation, 
but  these  units  can  be  stored  internally  for  transport  condition. 


The  shelter  size  is 


External 

Internal 

Length 

138  3/16  in. 

134  in. 

Width 

80  1/16  in. 

76  in. 

Height 

77  15/16  in. 

73  1/2  in. 

7.  2  MODIFICATION  OF  SHELTER  AND  RACKS  REQUIRED 

The  S-141  shelter  should  be  modified  to  incorporate  the  mounts  for 
the  antenna  structure  including  a  reinforced  roof  in  the  areas  where 
the  bases  of  this  structure  are  terminated  in  the  mounts.  These 
terminations  should  be  thermally  insulated  from  the  shelter.  The 
roof  reinforcement  in  this  location  should  be  partially  derived  from 
the  vertical  racks  provided  to  support  the  antenna  pedestal  and  rack 
mount,  the  receiver,  and  main  power  supply  groups.  A  manually 
operated  hoisting  device  should  be  provided  on  the  roof  above  this 
area  to  facilitate  lifting  of  the  antenna  pedestal  into  place. 

The  microwave  units  are  rack  mounted  to  the  right  of  the  shelter 
entry  door.  The  aluminum  alloy  rack  provides  for  two  columns  of 
19 -inch  wide  equipment  panels  having  fastener  spacing  on  standard 
1  3/4-inch  centers. 

The  entire  double  rack  is  shock  mounted  to  the  floor  and  ceiling  and 
arranged  to  hinge  90°  on  the  left  pair  of  mounts  to  provide  assembly 
and  maintenance  access.  Interconnecting  cabling  amoung  units  is 
installed  in  the  rear  of  the  racks  and  has  disconnecting  fittings  for 
individual  equipment  removal. 

The  waveguide  is  routed  through  the  attenuator  at  the  top  of  the  left 
hand  rack  section.  A  flexible  waveguide  section  between  the  attenuator 


and  the  antenna  mount  permits  hinging  of  the  entire  equipment  rack 
aeeembly.  The  attenuator  chaeala  panel  contain*  a  transparent  hinged 
door  permitting  visual  inspection  and  adjustment  of  the  attenuator. 


A  waveguide  external  to  the  shelter  connects  the  interior  waveguide  to 
the  antenna  upon  system  assembly.  The  antenna  is  mounted  on  a  mast 
at  the  corner  of  the  shelter.  The  antenna  mount  assembly  on  the  mast 
provides  for  the  azimuth  and  elevation  adjustments  required  and  the 
tortional  and  flexural  stiffness  necessary  to  withstand  the  wind  and  ice 
conditions.  A  flexible  waveguide  to  the  antenna  permits  the  angular 
adjustment  required.  The  antenna  assembly  and  mast  are  stored  within 
the  shelter  for  transport. 

The  following  shows  the  leading  particulars  of  the  microwave  equipment: 


Name 

Number 

H 

w 

Dimensions 

D  Wt  Amps 

W 

RF  Attenuator 

1 

A 

l0Z 

8 

4 

-- 

-- 

Rack,  Door  Frame 

1 

-- 

43 

-- 

-- 

-- 

-- 

Air  Duct 

1 

64 

4 

4 

-- 

-- 

M/W  RF  TX 

2 

7 

18 

*4 

41.7 

2.  17 

260 

M/W  RF  RX 

1 

7 

18 

i4§ 

35.5 

1.75 

210 

RF  Power  Supply 

1 

7 

18 

*4 

60.0 

2.  5 

300 

Blower 

1 

4 

18 

iot 

15.0 

.05 

6 

Order  Wire 

1 

7 

18 

io? 

26.8 

0,75 

90 

VVT  Multiplexer 

1 

4 

18 

5 

3.5 

-- 

-- 

VT  Multiplexer 

1 

18 

8 

2.6 

-- 

-- 

Demultiplexer  it  Trigger 
Generator 

1 

4 

18 

5 

5.0 

-- 

-- 

Name 

Number 

H 

D 

Wt 

Amps 

Monitor  Panel 

1 

4 

18 

4 

-- 

SC  Transmitter  Frame 

1 

4 

18 

4 

-- 

SC  Transmitter 

3 

4 

4 

4 

SC  Receiver  Frame 

1 

4 

18 

4 

-- 

SC  Receivers 

1 

4 

4 

4 

VFC  Frame 

1 

14 

18 

*4 

VFC  Receivers 

9 

4 

4 

0.  013 

Power  Distribution  Panel 

1 

4 

18 

4 

-- 

Multiplex  Power  Supply 

2 

4 

18 

17 

2.  3 

Antepna  (4  ft) 

1 

44 

44 

29 

-- 

Radome  (4  ft)  &  Heater 

1 

50 

50 

24 

4.  6 

The  weight  breakdown  of  the  shelter  is  the  following: 


RADAR  SET  &  UTILITIES 


Unit 

Weight 

Receiver 

280 

Transmitter 

250 

Main  Power  Supply 

140 

Modulator  Power  Supply 

155 

ECCM  Kit 

140 

Echo  Box 

35 

Indicator 

205 

Clock  Set 

10 

Elapsed  Time  Indicator 

20 

M/W  -  Radar  Junction  Box 

20 

V 


y 

o 

c 

G 

l 

l 

l 

l 

I 

I 

I 

l 

[ 

i 

I 

l 

l 

G 


Unit 

Weight 

AN/UPM  98  Equipment 

90 

AN/UPM  98  Accessory  Case 

10 

RACEP  Unit 

44 

UHF  Comm.  Control  Box 

8 

30  Days  Spare  Case 

60 

M/W  Equipment 

450 

618  A-13  Chassis 

52 

KY -364  Chassis 

10 

UPX-6 

77 

Blowers:  -  Magnetron 

15 

-  Transmitter 

15 

Waveguide,  Oil  Reservoir 
Magnetron,  Tuner 

100 

Waveguide  Links 

50 

Fire  Extinguisher 

8 

ECCM  Kit  Control  PAnel 

15 

Blackout  Curtian  ' 

10 

Unit 


TRANSPORT  ITEMS 


Weight 


Antenna  Pedestal 

255 

M/W  Antenna 

100 

RACEP  Whip  and  UHF  Antenna 

Package 

35 

Accessories  Case 

60 

Misc.  Items,  Connectors, 
k  Cables 

500 

Chair  k  Stool 

30 

TOTAL  (estimated)  3249  lbs 
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SHELTER  MODIFICATIONS 


Unit  Weight 

Work  Bench  45 

Storage  Cabinet  25 

Rec/Main  Power  Supply  Rack  150 

Transmitter /Mod.  Power  80 

Supply  Rack 

t 

AN/UPM-98  Racks  40 

M/W  Racks  110 

Indicator  &  Console  Rack  100 

Junction  &  Circuit  Breaker  Panel  25 

6 1 8A-1 3 /KY  - 364  Mounting  40 

Air  Conditioning  Ductwork  60 

Oil  Reservoir  Bracket  5 

Curtain  Wall  40 

Spare  Magnetron  Storage  6 

Mountings  for  Transport  Items  30 

Assorted  Bracketry  60 

Wire,  Lights  &  Convenience  120 

Outlets 

Remote  Junction  Box  20 

TOTAL  (estimated)  9  56  lbs 

Shelter  (Basic)  1200 

Modifications  956 

Radar  Set  &c  Utilities  3249 


TOTAL  (estimated)  5405  lbs 


7.  3  ARRANGEMENT  OF  COMPONENTS  DURING  OPERATIONAL  MODE 


On  the  right  as  you  enter  the  shelter  (Figure  7-1)  is  a  double  rack,  from 
floor  to  ceiling,  of  microwave  equipment.  Continuing  along  the  right 
wall  is  a  4-foot  long  workbench  which  folds  horizontally  when  in  use. 

A  partition  crosses  the  width  and  height  of  the  shelter,  and  behind  this 
partition  is  the  modulator  transmitter,  magnetron,  tuner  motor,  wave¬ 
guides,  ducting  to  wall  cut-outs  to  join  to  blower  motors,  modulator 
receiver  and  modulator  power  supply.  Louvers  are  installed  at  the 
upper  and  lower  levels  of  the  partition.  Four  3 -inch  by  3 -inch  aluminum 
posts  or  extrusions  are  permanently  mounted  vertically  and  form  a  rack 
to  support  equipment  in  one  case  but  also  reinforce  the  roof  section 
which  is  to  support  the  pedestal  and  antenna  assembly. 

Another  floor  to  ceiling  rack  is  mounted  on  the  left  side  of  the  van.  The 
rack  is  far  enough  away  from  the  rear  partition  to  have  pull-out  access 
to  equipment  mounted  in  the  structural  support  rack.  In  this  rack  is 
mounted  the  electronic  counter -counter  measure  equipment  and  a  range- 
azimuth  indicator.  Below  the  indicator  a  shelf  is  provided,  and  beneath 
the  indicator  knee  space  is  provided.  To  the  side  of  the  rack,  a  RACEP 
unit  can  be  mounted  and  the  azimuth-range  control  box  is  mounted  for 
right  hand  operation. 

The  power  entry  panel  is  mounted  on  the  upper  left  of  the  doorway,  and 
inside  the  shelter  behind  this  panel  entry  is  the  junction  box  and  circuit 
breaker  panel. 

7.4  ARRANGEMENT  OF  COMPONENTS  DURING  TRANSIT  MODE 

On  the  right  wall  (Figure  7-2)  between  the  microwave  rack  and  the  rear 
partition,  a  4-foot  diameter  radome  and  its  dish  are  wall  mounted. 
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Figure  7-1,  Plan  View  of  Search  Radar  Shelter,  Transport  Configuration  7-8/9 
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Figure  7-3.  Left  Elevation  of  Search  Radar  Shelter 


On  the  left  side  (Figure  7-3)  in  the  corner  near  the  door  the  antenna 
pedestal  is  stored  in  a  case  and  miscellaneous  accessories  are  stored 
in  a  case  above  it. 

Beneath  the  indicator  can  be  stored  the  operator's  chair.  Leveling 
jacks  are  tied  down  to  the  floor  in  front  of  the  door.  Blower  motors 
are  stored  inside.  The  microwave  antenna  section  is  also  stored  inside. 

7.  5  DETAILED  DESCRIPTION  OF  STRUCTURAL  DESIGN  TO  MEET  - 
REQUIREMENTS 

The  search  radar  shelter  will  be  transportable  by  a  C130A  aircraft, 
helicopter,  2  1/2-ton  cargo  truck,  and  railway  flatcar.  The  shelter 
meets  the  fordability  requirements  and  can  be  towed  over  distances  of 
1500  feet  on  the  skids  provided.  The  skids  are  made  of  channel  sections 
of  formed  aluminum  alloy  which  is  filled  with  a  styrene  foam  with  a  set 
density  designed  for  shock  resistance  and  meets  the  flat  drop,  corner 
drop,  and  rotational  drop  test  requirements.  The  construction  is  suitable 
for  being  rolled  or  supported  anywhere  along  its  length  by  a  2  inch  pipe. 

The  shelter  should  be  equipped  with  aluminum  alloy  structural  rail 
members  having  a  lip  configuration  and  10-inch  center  to  center  slot 
spacing  as  specified  in  MIL-P-27443B. 

The  floor  should  be  covered  with  a  non-skid  cloth  back,  dielectric 
material,  and  should  have  drain  provisions. 

Wall  openings  should  be  provided  in  the  rear  and  side  wall  for  the 
transmitter  and  magnetron  blowers  as  depicted  in  the  Figure  7-1. 

Captive  fasteners  should  be  provided  around  the  openings  for  securing 
the  blowers  to  the  outside  and  ducts  to  the  inside.  Hinged  watertight 
covers  should  be  provided  to  maintain  watertightness  in  the  transport 
condition. 


Two  additional  wall  openings  should  be  provided  for  the  radar  and 
microwave  waveguide  runs.  Means  should  be  provided  for  maintaining 
watertight  openings  when  the  waveguide  is  assembled  and  installed 
through  the  openings  for  operation,  and  covers  should  be  provided  for 
all  openings  to  maintain  watertightness  in  the  transport  condition. 

Two  towing  eyes,  each  capable  of  withstanding  a  lifting  stress  of  10,000 
psi  in  any  direction,  should  be  provided  on  each  end  of  the  shelter  at 
the  base  and  should  be  within  the  aforementioned  overall  dimensions. 

Lifting  eyes  should  be  provided  at  each  top  corner.  These  lifting  eyes 
should  each  have  a  minimum  ultimate  strength  of  approximately  eight 
times  that  necessary  to  support  its  equal  share  of  the  static  weight  of 
the  loaded  shelter  or  approximately  11,  000  pounds. 

A  lifting  sling  should  be  provided  for  helicopter  and  crane  transportation. 
This  sling  should  also  serve  to  guy  the  shelter  to  ground  anchors  when 
the  radar  set  is  in  operation. 

7.  6  AIR  CONDITIONER  DUCT  DESIGN 

Referring  to  Figure  7-4  and  7-5,  the  rear  wall  should  be  equipped  with 
two  openings;  one  for  the  inlet  air  duct  and  the  other  for  the  output  air 
duct.  The  upper  opening  is  for  entry  cooling  air  and  the  lower  to  remove 
the  heated  air  for  recirculation.  A  partition  separates  the  radar  equip¬ 
ment  from  the  work  space  and  personnel  positions. 

This  equipment  supplies  80  to  85. percent  of  the  heat  load  and  this  heat 
must  be  removed.  Louvers  are  situated  at  the  upper  and  lower  part  of 
the  partition  to  allow  part  of  the  cooling  air  to  maintain  personnel  com¬ 
fort  during  operation  conditions. 
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A  transmitter  blower  and  a  magnetron  blower  are  used  to  reduce  the 
heat  dissipating  from  the  transmitter  and  the  magnetron. 

7.7  DESIGN  REQUIRED  TO  CONFORM  TO  463L  REQUIREMENTS 

The  search  radar  van  should  be  equipped  for  mechanical  and  operational 
compatibility  with  the  463L  Cargo  Handling  System  as  installed  in  the 
C-130A  airplane,  and  that  the  necessary  adaptation  hardware 
comply  with  the  locking  provisions  of  the  MIL-P-27443  pallet  and  463L 
guide  rails.  It  is  further  required  that  the  adaptation  hardware,  including 
the  skids,  shall  load  the  aircraft  structure  through  the  rollers  and  guide 
rails,  withstanding  the  design  load  factors  specified  in  the  Cil30A  hand¬ 
books  and  in  Figure  I  of  MIL-C-27691.  No  restraints  other  than  that 
provided  by  the  463L  guide  rail  system  are  permitted 

7.  8  PRIME  POWER  CONSUMPTION 

The  prime  power  consumption  of  the  Search  Radar  Van  totals  19.  8 
kilowatts  which  may  be  broken  down  as  follows: 


Unit 

KW  Rating 

Radar  Set 

8.  87 

UHF  Comm 

0.  40 

RACEP 

0.  20 

Microwave  Equipment 

2.  03 

Air  Conditioning 

7.  50 

Lights 

0.  30 

Convenience  Outlets 

0.  50 

Total 

19.  80  kw 

The  power  source  should  meet  the  following: 

1)  Rating:  20,  0.8  PF,  3  phase,  4  wire  120/208  volts, 
400  cps.  Emergency  28  volts  capability  for  3  amperes 
maximum. 


2)  Regulation:  Voltage  +  2  1/2%  no  load  to  full  load 

+  1%  fixed  load  at  fixed  ambient 
Frequency:  _+  3%  no  load  to  full  load 

+  2%  fixed  load  to  fixed  ambient 

Special  voltages,  as  needed,  will  be  derived  from  the  prime  source. 


7.  9  AIR  CONDITIONING  AND  AIR  FLOW  CALCULATION 


7.9.  1  HEAT  LOSS  CALCULATIONS  -  Search  Radar  Van 

Total  Effective  Area  =  350  ft^ 

Outside  Extreme  Temperature  =  -65°F 
Assume  max  wind  velocity  at  -65°F  =  60  mph 
U  factor  for  van  wall  =  .  35  Btu  -  °F  -  ft^ 

A.  Heat  Loss  Through  Surface  of  Van 

Assume  65°F  temperature  inside  van  at  worst  conditions 
Q-UA  (t-to) 

=  (.  35)  (350)  (65-(-65)) 

=.;.(..  3 5) !(3 50)  (130) 

=  15,  925  Btu/hr 

B.  Heat  Loss  Fresh  Air 

25  cfm  required  for  each  man  at  standard  conditions 
Total  cfm  =  (25)  (1)  =  25  cfm 
Air  Flow  =  (25)  (.  075)  (60)  =  113  lbs/hr 
Q=  W  Cp  (t-to) 

=  (113)  (.24)  <65-(-65)) 

=  3,  526  Btu/hr 

Heat  loss  through  Surface  of  Van  =  15,  925 
Heat  loss  fresh  air  =  3,  526 

Total  Heat  Loss  19,  451  Btu/hr 


C.  Minimum  Electric  Power  Dissipation  in  the  Search  Radar  Van 

=  11,  500  Watts 

P  =  11,  500  x  3. 412 
=  39,  238  Btu/hr 

D.  Heating  Capacity  of  Air  Conditioner  =  18,400  Btu/hr 

Total  Heating  Capacity  18,400 

39, 238 

57 , 638  Btu/hr 

At  worst  conditions,  a  57.  6K  Btu/hr  heating  capacity  exists  against  a 
load  of  19,  451  to  maintain  a  temperature  of  65°F  inside  the  van. 

7.  9.  2  HEAT  GAIN  CALCULATIONS 

Summer  wind  velocities  at  high  temperatures  do  not  normally  exceed 
10  mph. 

U  van  =  0.  35  Btu/hr-°F  -ft^ 


A.  Heat  Gain  Through  Surface  of  Van 


t  outside  =  125  F 


t  inside  =  80  F  (assumed) 


Q  =  U  A  (to-ti) 

=  (.  35)  (350)  (125-80) 

=  (.35)  (350)  (45) 

=  5, 513  Btu/hr 

B.  Heat  Gain  Through  Solar  Radiation  Top  and  One  side  of  Van 


t  =  rise  above  outside  ambient  temperature  at  van  wall  due 


to  solar  radiation. 


a.  For  Roof: 


t  =  al  =  (0.  7)  (300)  =  52.  5UF 

8  T~  - O - 

o 

where  a  =  0.  7  fo  =  4 

I  =  300  Area  (roof)  =  84  ft* 

Q  =  U  A  ts 

=  (.35)  (84)  (52.  5) 

=  1, 544  Btu/hr 
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b.  For  1  Wall: 

t§  =  (0.7H150)  =  26.  2°F 

where 

a  =  0.  7  fQ  =4 
I  =150  Area  =  84  ft2 
Q  =  UA  ts 

=  (.35)  (84)  (26.2) 

=  770  Btu/hr 

Total  Heat  Gain  Due  tp  Solar  Radiation  =  1, 544 

770 

2,314  Btu/hr 


C.  Heat  Load  Personnel  (sensible)  =  100  Btu/hr 

D.  Fresh  Air  Load  (sensible) 

Q=W9(t1-t2) 

=  1000  (0. 24) (125-80) 

=  1000  (0.  24)  (45) 

=  10, 800  Btu/hr 


E.  Electric  Heat  Load 

Power  Dissipation  =  11,  500  w 
=  (11,  500)  (3.41) 

=  39, 215  Btu/hr 


F.  Heat  Load  Personnel  (Latent) 
Q  =  450  Btu/hr 


G  .  Fresh  Ajr  Load  (Latent)  -  None 


H.  Blower  -  Fresh  Air  Load 
3 

at  75  ft  /Min  fresh  air 

Assume  temperature  inside  search  radar  back  wall  inclosure 
to  be  90°F 

Qs  =  (0.  24)  (0.  66)  (75)  (60)  (125-90) 

=  24,  948  Btu/hr 

7.  9.  3  HEAT  GAIN  SUMMARY 


Heat  Gain  through  surface  of  van 

5,  513 

Heat  Gain  due  to  solar  radiation 

2,314 

Heat  Load  personnel  (sensible 

100 

Fresh  Air  Load  (sensible) 

10,800 

Electric  Heat  Load 

39,215 

Heat  Loadpersonnel  (latent) 

450 

Fresh  Air  Load  patent) 

0 

Total  58, 392  Btu/hr 

Air  Conditioner  Capacity  =  35,  000  Btu/hr 
Blower  Capacity  24,  948 

Total  Cooling  Capacity  =  59,  948  Btu/hr 

The  temperature  of  80°F  will  be  maintained  using  a  3-ton  air  conditioner 
unit. 

The  condition  inside  the  van  will  be  poorer  if  the  relative  humidity  at 
1 25° F  rises  above  that  specified  as  a  wet  bulb  temperature  of  75°F. 

Calculations  also  show  that  a  20-foot  section  of  8-inch  diameter  ducting 
will  produce  a  total  water  pressure  drop  of  0.  986  inches  of  water  and 
these  losses  are  optimistic  since  they  are  based  on  values  used  for 
straight  runs  of  galvanized  steel  ducting.  A  10-inch  diameter  duct  is 
suggested  for  exit  and  return  to  the  air  conditioner.  The  pressure  drop 
in  this  10-inch  diameter  duct  is  0.  586  inches  H^O. 


7.  10  SHELTER  PANELS  AND  WIRING 


7.  10.  1  ENTRY  PANEL 

An  entry  panel  should  be  provided  for  terminating  the  RF  feed  through, 
antenna  pedestal,  IFF  dipole  cable,  and  the  RF  feed  through  for  the 
Echo  Box  test  equipment. 

The  power  connections  for  the  transmitter  and  magnetron  blowers  should 
be  located  at  their  respective  shelter  mounting  flanges. 

Connecting  terminals  should  be  provided  on  the  entry  panel  for  two  tele¬ 
phone  land  lines.  These  terminations  should  conform  to  standard  tele¬ 
phone  practice. 

There  should  be  a  connector  adjacent  to  the  microwave  waveguide  to 
service  the  microwave  antenna  heater. 

The  shelter  should  be  provided  with  a  junction  box  on  the  inside  of  the 
shelter  adjacent  to  the  door.  This  junction  box  should  contain  a  circuit 
breaker  for  the  shelter  lights  with  dimming  control,  a  circuit  breaker 
for  the  convenience  outlet  circuit,  a  circuit  breaker  for  the  air  con¬ 
ditioner,  a  circuit  breaker  for  the  radar  power,  a  circuit  breaker  for 
the  UHF  communication,  and  a  circuit  breaker  for  the  Racep  unit. 

The  entry  panel  should  be  located  on  the  front  of  the  shelter  and  should 
have  connectors  for  the  following  functions: 

2  -  convenience  outlets 

2  -  generator  input 

2  -  emergency  28  vdc  input 

1  -  air  conditioner  power  output 

1  -  120/208  volts,  400  cps,  3-phase  power  output 

1  -  copper  ground  stud 


7.  10.  2  UTILITY  RECEPTACLES 


A  wiring  raceway  should  be  provided  which  will  service  four  utility 
receptacles  and  form  lights.  These  locations  should  be  adjacent  to 
the  workbench,  the  microwave  rack,  the  junction  box  and  the  console 
equipment.  The  proximity  of  convenience  outlets  to  the  light  fixtures 
will  conserve  space  and  limit  breakouts  from  the  raceway. 

Each  receptacle  should  be  of  the  dual  type  with  covers  and  should  be 
designed  to  operate  from  a  120  volt,  400  cycle  sypply  in  the  main  power 
junction  box.  The  controlling  means  should  be  a  10  ampere  circuit 
breaker. 

7.10.3  REMOTE  OPERATION  PANEL 

A  remoting  panel  should  be  located  onthe  side  of  the  shelter  between 
the  rear  curtain  wall  and  the  indicator  at  a  height  just  above  the  floor 
level.  This  panel  will  provide  connectors  for  Beacon  Trigger,  IFF  raw 
video,  pre-trigger,  main  trigger,  normal  video  and  special  video.  In 
addition,  another  connector  should  be  supplied  for  the  following  functions: 
MTI  gain  (2  ea),  normal  receiver  gain  (2  ea),  IFF  receiver  gain  (2  ea), 
Resolver  reference  phase.  Course  reference  phase,  Five  reference 
phase.  Voice  high,  Voice  low,  Ground,  STC  gain  control  (2  ea),  FTC 
in/out,  PWD  in/out,  Circular  polarization  in/out,  and  STC  in/out  control. 

The  connections  should  be  made  for  strain  relief  on  the  outside  of  the 
shelter  for  the  RG  and  UG  cables  employed. 

7.10.4  JUNCTION  BOX 

The  junction  box  for  interconnecting  the  microwave  equipment  cables 
to  the  radar  system  is  located  at  the  top,  rear,  of  the  indicator  console. 
This  should  provide  the  connector  capability  for  connecting  signals  to 
either  remote  cable  or  microwave.  These  connectors  should  be 
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appropriately  marked  so  that  only  one  system,  either  remote  cable  or 
microwave  can  be  in  operation. 

7.10.5  LIGHTING 

The  light  fixtures  to  be  employed  should  provide  the  ambient  illumination 
necessary  for  the  proper  operation  and  servicing  of  the  Search  Radar 
Shelter. 

A  "variac"  type  device  should  be  provided  to  allow  dimming  of  the  light 
level.  The  necessary  controls  and  switches  should  be  located  at  the 
circuit  breaker  panel. 

An  emergency  lighting  system  designed  to  operate  from  the  28  vdc 
shelter  power  circuit  should  be  deployed  within  the  shelter  with  the 
two  15- watt  bulbs  located  inside  the  shelter,  one  on  the  partition  wall 
and  the  other  on  the  left  inside  wall  near  the  junction  box. 

7.  11  SET-UP  TIME 

The  time  necessary  to  deploy  the  Search  Radar  Shelter  is  approximately 
one  hour.  This  time  is  based  upon  experience  with  installation  time  on 
a  radar  currently  in  production  at  RCA,  components  of  which  are  proposed 
for  the  major  portion  of  the  Search  Radar  Shelter.  In  the  many  installa¬ 
tions  conducted  with  the  aforementioned  radar,  it  took  eighteen  minutes 
for  six  men  to  completely  install  the  various  equipments.  In  view  of 
this  experience  it  is  feasible  to  predict  that  the  set-up  time  for  the  Search 
Radar  Shelter  will  be  one  hour  for  four  men,  including  operation  of  the 
microwave  equipment. 

7.  12  ENVIRONMENT 

The  Search  Radar  Shelter,  as  constructed,  will  be  suitable  for  arctic  or 
tropical  deployment,  and  the  system  has  air  conditioning  facilities  which  are 
capable  of  heating  and  cooling  the  shelter  in  ambient  temperature  extremes 
of  -65°F  and  +125°F  during  operation. 
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7.  13  CARRYING  CASE  FOR  SEARCH  ANTENNA 


For  transport  condition,  the  antenna  should  be  carried  in  two  lightweight 
tubular  structures. 

The  reflector  tip  sections  should  be  stowed  in  a  modified  design  of  an 
existing  type  case.  The  approximate  case  size  with  stowed  tips  should 
be  88  by  68  by  68  inches.  The  existing  design  should  be  stripped  of  all 
unnecessary  mechanical  features,  such  as  shock  mounts,  blower  motors, 
guides  for  electronic  boxes,  and  hardware  not  required  for  tip  stowage. 

The  tips  should  be  altered  to  permit  fork  lift  handling  of  the  unit.  Approxi¬ 
mate  shipping  weight  should  be  42  pounds  per  tip  section  and  140  pounds  per 
case  for  a  total  of  224  pounds. 

The  antenna  senter  section,  antenna  support,  feedhorn  assembly  and 
miscellaneous  hardware  should  be  stowed  in  a  modified  design  of  another 
existing  type  case.  The  approximate  case  size,  fully  equipped,  should 
be  88  by  60  by  56  inches  with  an  estimated  weight  of  280  pounds.  The 
existing  case  design  should  be  modified  to  permit  fork  lift  handling  of 
the  unit.  The  overall  dimensions  of  the  cases  should  be  within  the  space 
limits  established  for  truck  of  C-130A  aircraft  transport. 

7.  14  ANTENNA  MAINTAINABILITY  AND  SERVICEABILITY 

The  antenna  reflector  surface  may  be  dismounted  into  three  sections: 
the  center  section  and  the  two  tip  sections.  The  horn  and  feed  assembly 
should  be  stud  mounted  to  the  rotating  portion  of  the  antenna  pedestal, 
thus  providing  ease  in  dismounting.  An  IFF  and  radar  rotating  joint 
should  also  be  provided  in  the  pedestal  for  RF  transmission. 

7.  15  MECHANICAL  DISCUSSION  OF  SEARCH  RADAR  ANTENNA 

The  antenna  reflector  should  be  composed  of  three  sections  (center  and 
two  tips)  and  constructed  from  extruded  aluminum  to  obtain  lightweight 


Tubular  construction  should  be  provided  for  antenna  reflection 
support  and  rigidity. 

7.15.1  FEED  HORN 

The  feed  horn  and  associated  waveguide  should  be  fabricated  from  rigid, 
L-band,  aluminum  waveguide.  The  interface  waveguide  should  consist 
of  a  flexible  section. 

For  conversion  to  circular  polarization  capabilities,  a  run  of  rigid  1  5/8-inch 
coax  and  filter  should  be  utilized. 

7.  15.  2  FEED  HORN  SUPPORT 

The  feed  horn  support  should  consist  of  a  tubular  aluminum  welded 
frame.  The  four-stud  interface  connection  should  be  compatible  to  the 
production  pedestal. 

7.  15.  3  COMBINED  WEIGHT 

The  feed  horn  and  feed  horn  support  will  weigh  about  60  pounds,  and 
increase  the  antenna's  inertia  axis  by  approximately  10  percent.  This 
increase  in  inertia  should  not  affect  the  system  servo.  The  servo 
amplifiers  should  be  sufficient  to  handle  the  increased  inertia. 

7.15.4  SWITCH  UNIT 

The  switch  unit,  located  on  the  feed  horn,  will  be  used  to  produce  the 
circular  polarization  capability.  The  unit  should  consist  of  a  series 
of  chokes  and  remotely  controlled  retractable  rods.  The  retraction 
rods  should  be  actuated  by  means  of  a  worm  drive  and  a  small  electric 
motor. 


7_16  ENVIRONMENT  AND  SERVICE  CONDITIONS 


The  Search  Radar  Shelter  in  the  operating  condition  should  be  capable 
of  withstanding  outside  air  temperature  extremes  of  -65°F  to  +  125°F, 
a  snow  and  ice  load  of  75  pounds  per  square  foot,  salt  spray  corrosion 
as  encountered  in  military  service,  elevation  of  0  to  10,000  feet, 
rains  of  tropical  intensity  (approximately  2  inches  per  hour),  antenna 
icing  up  to  one  inch  in  thickness  with  restrictions  on  the  radar  antenna, 
a  relative  humidity  variation  up  to  97  percent  for  an  indefinite  period, 
and  100  percent  relative  humidity  with  precipitation  for  four  (4)  hours. 

These  parameters  define  the  suitability  of  the  search  radar  system  for 
both  arctic  and  tropical  climate  conditions. 

The  air  conditioning  system  provided  with  the  Search  Radar  Shelter 
should  provide  operator  comfort  under  all  of  the  foregoing  conditions 
and  environments. 

The  Search  Radar  Shelter  as  designed  and  constructed  should  be  capable 
of  withstanding  shock  loads  of  15G  in  the  longitudinal  direction  and  10G 
lateral  for  11  millisecond  intervals.  The  shelterized  system  should 
also  withstand  the  humping  requirement  of  8  miles  per  hour.  The 
system  should  also  withstand  the  gravel  road  test  without  damaging 
the  interior  equipment  or  the  shelter. 


SECTION  8 


SITE  SELECTION 

Since  the  selection  of  the  AN/TPS-35  site  cannot  be  predicted  at  this 
time,  the  following  site  locations  should  be  used  only  as  a  guide  to 
select  a  site  best  suited  to  give  the  highest  degree  of  performance. 

8.  1  IDEAL  TERRAIN 

The  most  ideal  terrain  to  give  free  space  patterns,  which  would  tend 
to  decrease  the  nulls  in  the  radar  pattern,  would  be  to  locate  the 
AN/TPS-35  radar  subsystem  on  a  high  point  with  a  sharp  decreasing 
slope  in  all  directions.  This  location  would  tend  to  create  a  free  space 
pattern  with  little,  or  no  reflections.  This  method  is  restricted  to  short 
range  coverage,  up  to  80  miles.  As  the  range  increases,  the  perfor¬ 
mance  will  of  course  decrease. 

8.  1.  1  SITE  SELECTION  FOR  HIGH  PERFORMANCE  OPERATION 

The  other  extreme,  which  is  most  suited  for  long  range  operation,  is 
of  level  terrain  with  a  good  reflecting  surface.  The  reflected  energy 
will  create  a  re-enforced  beam  pattern  for  long  range  coverage.  The 
beam  pattern  therefore  will  depend  on  primary  site  selection  with 
the  geographic  terrain  one  of  the  determining  factors. 

Site  selection  of  the  AN/TPS-35  subsystem,  must  also  satisfy  the  proper 
operation  of  the  microwave  remoting  system.  Please  refer  to  Section 
3.  10,  1  for  detail  information  concerning  microwave  requirements. 

The  two  combinations  must  be  satisfied  for  high  performance  operation. 


GLOSSARY 


AFC:  Automatic  Frequency  Control 

AGC:  Automatic  Gain  Control 

A4W:  Augmented  Four  Wheels 

CFAR:  Constant  False  Alarm  Rate 
2 

CSC  :  Cosecant  Squared 

CSL:  Control  Sciences  Laboratory 

ECCM:  Electronic  Counter  Counter  Measures 

EMS:  Emergency  Mission  Support  System 

FTC:  Fast  Time  Constant 

IAGC:  Instantaneous  Automatic  Gain  Control 
IF:  Intermediate  Frequency 
IFF:  Identification  Friend  or  Foe 

Log/Lin/FTC:  Logarithmic/Linear/FaBt  Time  Constant 

MTBF:  Mean  Time  Between  Failures 

MTI:  Moving  Target  Indicator 

PAR:  Precision  Approach  Radar 

PIE:  Pulse  Interference  Eliminator 

PPI:  Plan  Position  Indicator 

PRF:  Pulse  Repetition  Frequency 

RAPCON:  Radar  Approach  Control 

SIF:  Selective  Identification  Feature 

STALO:  Stable  Local  Oscillator 

STC:  Sensitivity  Time  Control 

TACAN:  Tactical  Air  Control  and  Navigation 

VSI:  Video  Sweep  Integrator 


